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•- EXECUTIVE SUMMARY

The National Airspace Review (NAR) is a coop- AIRPORT RADAR SERVICE AREA (ARSA)
erative venture of the aviation industry and
government. Using a synergistic approach, the ARSAs are intended to replace Terminal Radar
NAR is comprehensively reviewing air traffic Service Area (TRSA) airspace with a simplified
control procedures, flight regulations, and air- airspace configuration and mandatory com-
space for the purpose of validating the current munications requirement. The dollar value of
system or identifying near-term changes which cost savings arising from ARSAs is estimated
will promote greater eff iciency. As a component based upon ARSA implementation at all 139
of the National Airspace System Plan (NAS current TRSAs and is expected to be realized
Plan), the NAR will provide the operational until 1992. Benefits are estimated to total
framework for moving into the next generation $84.5 million in discounted 1983 dollars.
National Airspace System.

The costs associated with implementing and

With over 600 recommendations now formally operating A RSAs are comprised of various types
developed, there is a recognized need for an as- of delay experienced by VF R aircraft and train-
sessment of the program's benefits and costs ing/educating controllers and pilots. These costs
which will evaluate progress to date. This report are estimated to total $43.9 million in dis-
should be read in conjunction with the NAR counted 1983 dollars. The estimated ARSA
Interim Report and NA R Implementation Plan benefit-to-cost ratio is thus 1.92 to 1.00.
in order to gain a more detailed understanding
of the NAR program and process. ARTCC RESECTORIZATION

The ARTCC Resectorization Program was
The "Enhancement Area" classification devel- Te to st ian reu teu

oped for the NAR Implementation Plan pro- ber of en route sectors in an effort to improve

vides a comprehensive grouping of recommenda- current controller productivity, improve traffic
tions and is the basis upon which the benefit and flow efficiency, enhance current automation
cost identification and quantification is made. capabilities, and assist in positioning the air
Of the twenty enhancement areas identified to traffic control system for future technological
date, the Airport Radar Service Area (ARSA), improvements envisioned in the NAS Plan.
Air Route Traffic Control Center (ARTCC)
Resectorization, and Random Routes aspect of The primary quantified benefits of resectoriza-
the area navigation (RNAV) Integration En- tion are avoided controller labor costs and at-
hancement Areas have been evaluated to deter- tendant avoided eint costs are et-

minebeneit-t-cos ratos.tendant avoided equipment costs. These are esti-
m n o rmated based on a reduction of 135 sectors and

are expected to continue until 1990. Benefits
Each enhancement area is broken down into are estimated to total $303 million in dis-
quantifiable benefits and costs which are then counted 1983 dollars.
individually evaluated. The results of this step
are then aggregated so as to compare benefits The costs of resectorization have already been
and costs for the area as a whole. incurred and are comprised mainly of labor
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hours for implementation. The total cost is Based on fleet makeup, size, and increasing
estimated to be $12 million in discounted 1983 rate of RNAV utilization, this reduction is es-
dollars. timated to total $1.547 billion in discounted

1983 dollar benefits for the 17-year period to
The .'enefit-to-cost ratio of the program is esti- 2000.
mated to be 25.25 to 1.00, exclusive of intangi-
ble benefits to the system arising from the pro- Costs include program development, controller
gram. and pilot training, and RNAV avionics. To-

'V gether these costs are estimated to total $676

RNAV INTEGRATION: RANDOM ROUTES million in discounted 1983 dollars through
2000.

RNAV Integration is a broad enhancement area,
elements of which are scheduled for implemen- The estimated benefit-to-cost ratio (low order)

-T tation as late as 1988. The Random Routes as- for this Enhancement Area is 2.29 to 1.00.
-- pect of this enhancement area is evaluated in

this report. Figure 1 presents a summary of these estimated
enhancement area benefits and costs. Note that

The Random Route aspect of RNAV Integra- these three areas combined represent a net cost
tion is a set of activities directed toward en- avoidance/savings of $1,202.6 million.
hancing pilot use of, and controller ability to
accommodate, increased random area naviga- Future semi-annual updates of this document
tion in flight, will evaluate additional enhancement areas lead-

ing to an ultimate ratio for the entire program. -:

The primary benefit from undertaking such A tabular summary of the enhancement areas 0
actions will be reduced fuel consumption. quantified to date is presented in Appendix A.

ARTCC RESECTORZATION ARSA
65M 13M

1.

4J

0 0
1982 1990 1983 19

BENEFITS
RANDOM RNAV ROUTES e COSTS

112M

00

"%1963 2000
19% 

BENEFIT/COST RATIO = 2.64:1
- REPRESENTS $1,202.6 MILLION COST AVOIDANCE/SAVINGS

Figure 1. Summary of Quantified Enhancement Area Benefits and Costs
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CHAPTER 1

INTRODUCTION

The National Airspace Review (NAR) is a coop- without the plan were estimated to reach $2
erative venture of the aviation industry and billion per year more than with the plan. 2

government. Using a synergistic approach, the Similarly, the NAR has undertaken to provide
NAR is comprehensively reviewing air traffic the near term equivalent of the NAS Plan: ac-
control procedures, flight regulations, and air- commodating user demand and constraining
space for the purpose of validating the current costs through operational and regulatory im-
system or identifying near-term changes which provements to the Air Traffic Control (ATC)
will promote greater efficiency. As a component system. The NAS Plan is specifically geared to
of the National Airspace System Plan (NAS accommodate NAR task group recommenda-
Plan) the NAR will provide the operational tions3 and consideration of the NAS Plan in
framework for moving into the next generation NAR task group recommendations has been
National Airspace System. assured through participation by NAR Program

Management Staff (PMS) representatives in
Since its inception in 1981, the NAR Program task group meetings.
has operated with a small staff developing ap-
proaches to problem identification, task group Consistent with the NAR Program objectives,
meeting organization, special analyses, and im- and with over 600 recommendations now for-
plementation of recommendations. With the mally developed, there is a need for an assess-
assistance of Engineering and Economics Re- ment of the program's benefits and costs, both
search, Inc., the staff has planned and imple- as to its immediate effects and as the program
mented over 40 task group sessions, the mem- progresses. Asa first step in this assessment pro-
bership of which has been comprised of various cess, it is important to categorize recommenda-
aviation, military, governmental, and labor tions so that groups of recommendations that
organizations. These task groups have generated are interrelated are assessed as a whole and so
over 600 recommendations for enhancements that a better understanding of the types of bene-
to 2iispace, flight regulations, or procedures. fits and costs that might be realized may be
Validation of many aspects of the current sys- obtained.
tern has also taken place. Despite changes to
the NAR agenda and adjustments necessitated A classification approach that has been devel-
by some task group recommendations and other oped within the NAR Implementation Plan 4 is
special requests, the NA P Program has remained
within budget in each year of operation. 1 U.S. Department of Transportation, Federal Aviation Admin-

istration, National Airmpace System Plan, April 1983, Execu.

The National Airspace Review is directly related tiv Summary.
to the NAS Plan. The NAS Plan was developed 2 bid., chart, p. 1-38.
in response to the "compelling problems of how
best to accommodate spiraling demands for 3 Ibid., Executive Summary.

aviation services, constrain costs, recast the re-
quired technical framework, and deal with aging 4U.S. Department of Transportation, Federal Aviation Admin-

facilities."1 In short, the plan was undertaken istration, NAR Implementation Plan. January, 1983, pg. 1-1.
because expected future system operating costs (Hereinafter, Implementation Plan)

3
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the System Area/Enhancement Area classifica- Updates are currently scheduled to occur semi-
tion. This approach groups recommendations annually.

1.with a focus on the results of their implementa- Threangcaprsovrmtdlgil
tion and also largely parallels the NAS Plan or- Threangcaprsovrmtdlgil

ganiatin. orever thi clssiicaionap- approach (Chapter 2), the ARSA Enhancement
* proach providesoaecomprehensiveioverview of Area (Chapter 3), the ARTCC Resectorizationth xpctdeoutcomrof henAR Pogeram an Enhancement Area (Chapter 4), and Random
* wllhe useced otomie aai of the benefitsm an Routes within the RNAV Integration Enhance-

and costs of NAR recommendations. To date, mnth Area(pote 5).ai the deapedicefollato-
twenty enhancement areas have been developed updte recr contain thefdt led noccrmatmion
to fully contain all current NAR recommenda- apn wbal.
tions.

This benefit-cost analysis is one of three reports
that should be read together. Along with the

This report presents analyses of the Airport NAR Implementation Plan, this report is built
Radar Service Area (ARSA) and ARTCC Resec- on the foundation laid in the NAR Interim Re-
torization Enhancement Areas, as well as an port and should be read in that light. More ex-
analysis of the Random Routes aspect of the tensive information on the NAR Program, its
area navigation (RNAV) Integration Enhance- structure, process, and implementation time-
ment Area. Additional enhancement areas will table may be obtained by reference to these
be analyzed in future updates of this report. other reports.
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CHAPTER 2

ANALYTIC METHODOLOGY

INTRODUCTION COSTS

% The process of analyzing the benefits and costs Costs associated with the development and im-
of NAR enhancement areas begins with defining plementation of NAR enhancement areas in-
what an aviation-related benefit and cost is and clude those arising from operation in the result-
then evaluating each enhancement area based ing revised ATC environment. These costs have
on these definitions, been captured by conceptualizing NAR en-

hancement area implementation activities in
BENEFITS terms of their "life-cycle" effects. It is generally

considered that life cycle costs fall into four
A NAR enhancement area benefit is one that main categories: 5

improves overall system operating efficiency,
increases capacity, reduces delay, or increases 1. Research and Development
safety. These types of benefits constitute the
broad categories within which the benefits of 2. Investment (Project Start-up)
the NAR Program recommendations are evalu-
ated. They are assisting in the identification of 3. Operations and Maintenance
the specific benefits which can be expected to
be realized in each NAR enhancement area. 4. Termination
Examples of benefits that fall into each of these
categories include the following: The NAR Program and its enhancement areas

will be evaluated primarily by utilizing the first
* Safety Increases three of these four areas as the general basis for

cost identification. Termination costs are nor-
- Reduction in midair collisions (MACs) mally only associated with capital- or equip-

ment-intensive undertakings. The NAR is pri-
* Capacity Increases/Delay Reductions marily concentrated on non-capital intensive

improvements, and thus termination costs are
- VF.R separation standards changes in very unlikely to arise. Task group costs, near

ARSAs allowing reduced VFR delays term project design/initiation costs, and imple-
in ARSAs mentation costs borne by FAA are included in

the research and development category.
0 System Efficiency Increases

It should be noted that these life-cycle costs
- Fuel savings from increased random area are not in all cases fully chargeable to the NAR

navigation (RNAV)

b~i - Enhanced controller and system effec-
tivenes due to ARTCC sector boundary 5U.s. Department of Transportation, Federal Aviation Admin-

Istration, Economic Analysis of Invetment end Regulatory
realignments that more accurately fol- Decisons-A Guide, Report No. FAA-APO-82-1, January,

--*,*.' low major traffic flow patterns 1982, Chapter 4, pg. 46.

5
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or to implementation of the recommendations group studies, and proposed action notices,
that constitute a particular enhancement area. and encourages the identification of prob-
Many activities, projects, and new initiatives are lems and responsive near-term system ad-
constantly underway within FAA. Invariably, justments.
some actions necessary for one initiative will
assist in achievement of another. It is felt that * The NAR Program provides up-to-date
some activities necessary for implementation of documentation through Advance Informa-
NAR recommendations would be undertaken tion Packages, task group minutes and staff
in any event and that, therefore, some of the studies, and implementation studies.
NAR implementation costs should properly not
be charged to the NAR. While not measured here * The NAR Program enhances effective and
explicitly, such cost considerations are never- integrated communication across func-
theless important in the final decision-making tional lines among all FAA entities.
process.

0 The NAR Program provides an efficient

INTANGIBLE BENEFITS AND COSTS forum in which concepts and proposals can
be considered and tested to estimate their

Intangible benefits and costs arising from im- feasibility, potential impacts, and user/
provements to the system should be considered provider reaction.

-those for which meaningful dollar estimates
cannot be generated. In particular, intangible The following benefits arise from planned use of

benefits fall generally into the category of sys- expert contractor support:
tem efficiency improvements. For instance, "
benefits such as improvements arising from * Corporate memory and centralized docu- "..
regulatory simplification or elimination are mentation and data for system adjustments
mainly intangible. Elimination or simplification and tailored responses to user/provider in-
of a part of the Federal Aviation Regulations quiries
(FARs) does not usually provide quantifiable
time or labor savings but might, nevertheless, 0 Accurate reporting/documentation of sys-
ease the burden of study and education required tem needs and viewpoints of both users and
of pilots operating in the NAS. Such benefits providers
should be considered in an overall judgment of
a given project or activity. 0 Objectivity in the conduct of special

studies or further analysis and evaluation
* A variety of intangible benefits are being, and of recommendations

will continue -to be, realized as a result of the
NAR Program. Because these are not specific- 0 Responsiveness and timely accomplish-
ally assignable to any particular enhancement ment of tasks
area, but rather are associated with the NAR
Program generally, they are listed here to be Intangible costs of the NAR are largely limited

considered as part of each specific NAR project to the value of those forgone opportunities for
or activity. application of time and material resources to

other projects that have been instead committed
0 The NAR Program is an effective vehicle to the NAR. Based on a review of major proj-

for user/provider communication. Through ects or programs currently underway or planned
a comprehensive review/analysis of the cur- at FAA, resources committed to the NAR are
rent system, it affords timely, efficient, and not hampering implementation of any other .. '

coordinated input to the review plan, task major project or program.

6



MEASUREMENT APPROACH creased user satisfaction (for those currently
using Terminal Radar Service Areas (TRSAs)),

The measurement of benefits and costs directly, user 'satisfaction' might best be measured in
especially of items such as efficiency, is not in terms of reduced delays in traversing such areas,
all cases a straightforward undertaking. For better information on traffic (reduced hazards
some benefits and costs substitute measures or reduced separation requirements), and other
must be found which can more readily be ex- quantifiable concepts rather than 'satisfaction'.
pressed in quantitative terms and aggregated
with other, direct benefit and cost measure-
ments to produce overall benefit-to-cost ratios stage is that of the appropriate time period over

- f A ea mwhich benefit and cost streams should be as-._ . for NAR enhancement areas.

sessed. This depends in part on the NAR Imple-
As the first step in this process, the NAR rec- mentation Plan, s and the anticipated timing-
ommendations were grouped into identifiable related system improvements identified in the
and homogeneous sets. The System Area/En- NAS Plan, both of which provide indicators of

% hancement Area classification in the NAR Im- appropriate enhancement area implementation
plementation Plan has been used for this pur- timing.
pose. This classification contains the Model B/
Airport Radar Service Area (ARSA), Air Route Once effects are identified, classified as benefits
Traffic Control Center (ARTCC) Resectoriza- or costs, and have dollar estimates assigned to
tion, and the Random Routes aspect of the them, aggregation of benefits and costs by En-
RNAV Integration Enhancement Areas treated hancement Area by year proceeds. Once this
in this report. Each of these activities is the cul- aggregation is done, a discount factor is applied
mination of a NAR-related activity or set of to each year's benefits and costs (assuming 1983
recommendations. Although this grouping basis as the current year) based on the Office of Man-" provides meaningful sets of recommendations, agement and Budget, OMB Circular A-94, sug-
it should be noted that, in several cases, recom- gested ten percent per year discount rate.
mendations have fallen into mire than one en-
hancement area; thus, measurement of costs on Following application of discount factors, the

an entlancement area basis-rather than on a total present value of benefits and costs for each

recommendation-by-recommendation basis- enhancement area is determined and is used to

will lead to some overestimation of costs be- generate a benefit-cost ratio for that enhance-

cause of the double counting that must occur. ment area. Figure 2 provides a schematic dia-

The degree to which double counting occurs is gram of the process used to develop these mea-

not currently considered large and is not high- sures and perform the analysis.

lighted in this report. This analytic methodology is applied in this re-

The next step in the evaluation of benefits and port by developing quantitative scenarios, and

costs is the identification and listing of the ef- estimates of the benefits and costs, for ARSA

, fects of each identifiable project that may implementation, ARTCC Resectorization, and

evolve out of each enhancement area. This pro- the Random Routes aspect of RNAV Intega-

cess of identification proceeds at the same time tion.

0, as units of measurement are identified. The
exact definition of effects depends upon the TASK GROUP MEETINGS
chosen measurement unit and vice ersa. This
process of repeating steps is continued until a As a preliminary matter, each enhancement area
satisfactory and complete representation of involves, as a cost, the occurrence of task group
benefits and costs is achieved for each enhance-
ment area. For instance, though Model t/ARSA 6O, I /'np ntstion P/. See timing charts for each En-

Sairspace might contribute significantly to in- ha nement Area.

7
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National Airspace Review Advisory Committee
WRRANGE NAB (NARAC) member costs include estimates of

%.*% RECOMEMENDAT IONS
y ENHANCEMENT pre-meeting reviews of Advance Information

: AREA Packages (AlPs), other preparation for task

group meetings, participation during meetings,
LIST EFFECTSOF EFFECT AS BENEFIT correspondence with associated membershipACH SETOF ORCOST IDENTIFY.RECOMWNOATIONS UNIT OF MEASURE following meetings, and review of post-meeting

-------------- - ---- reports.

AGGREGATE ELNE Technical support provided by Engineering and
ENEAREA Economics Research, Inc., includes preparation

I ,of all materials used before and during task
APPLY DISCOUNT group meetings, preparation of daily summary
OETANPRESNT minutes, preparation of all staff studies, and

WORTH,.T other post-meeting technical support which
includes classifying recommendations, review

AGGREGATE BENEFITS
&-oCO O AL AN and correction of staff studies, entry of new. TOCOST RATIO recommendations into the automated tracking

I system and oversight of enhancement areas im-
plementation.

Figure 2. General Methodological Approach to Analysis
of NAR Benefits and Costs Related NAR Staff activities includes all costs

that are overhead to task group meetings in- _.
meetings. ARTCC Resectorization does not in- cluding travel, briefings, and presentations _

clude these costs because its costs were incurred supporting the NAR Program and process
prior to the advent of the NAR task group meet- generally.

,4, ings. Because the costs of those meetings will !
generally be a relatively small percentage of FAA II,21.W

overall enhancement area costs, a representa- NARAC MEMBERS 21,00

tive average has been developed for the costs of TECHNICAL SUPPORT 45,30
a single task group meeting. These costs, shown RELATED NAR STAFF 6000in Figure 3, incorporate estimates of the labor ACTIVITIES

and travel expenses for each category of TOTAL $94,300
organization and cover the entire task group

* meeting process from initial planning through MEETING COSTS (I3 DOLLARS).

staff study, including briefings, presentations "see APENDIx FOR DETAILS

and disposition of recommendations that may

be associated with the meeting's subject matter. Figure 3. NAR Program and Task Group Meeting Costs
In addition, overhead costs, not specifically (193 Dollars)
chargeable to task group meetings are included

4 in this overall average costs of task group Where the recommendations for a given en-
meetings. hancement area indicate that several task group

meetings have contributed to the evolution ofFAA costs incorporate labor and travel associ- that area, a judgment has been made as to the
ated with pre-meeting materials preparation, aggregate number of task group meetings asso-
conferences with prospective task group chair- ciated with each. In addition, this approach
men and technical support personnel, actual task allows greater facility in charging partial task .- ":.
group meeting activities, and a variety of post- group meeting costs to one or more enhance-
meeting documentation. ment areas.

8
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CHAPTER 3

4.AIRPORT RADAR SERVICE AREA (ARSA)

SUMMARY enced by VFR aircraft in entering ARSA air-
space (due to the new two-way radio communi-

The ARSA concept involves restructuring the cations requirement), those experienced by all
airspace around some airports currently desig- aircraft (during peak hours) due to arrival se-
nated as Terminal Radar Service Areas (TRSAs). quencing, and those experienced by VF R air-
The concept, developed during NAR Task craft prior to departure as a result of the ARSA
Group 1-2.2, is now undergoing operational departure clearance requirement.
confirmation at two sites (Columbus, Ohio, and
Austin, Texas). Total estimated benefits and costs are presented

in Figure 4, both on an annual basis and in the
The scenario used here assumes that the ARSA aggregate. The ARSA benefit-cost ratio is esti-
concept will be applied, over time, to 139 cur- mated to be 1.92 to 1.00 based on these as-
rent TRSA sites and that its effects will last sumptions.
until 1992. Benefits examined include a reduc-
tion in mid-air collisions (MACs) and a reduction An intangible benefit arising from the ARSA
in delays experienced by VFR aircraft, during concept is the clarification of pilot and control-

4' off-peak hours, due to the reduced separation ler responsibilities and, probably, easing of pilot
minimums in ARSA airspace versus that in education (especially among student pilots) due
TRSAs. Costs include delay increases experi- to the simplicity of the concept.

BENEFITS

COSTS

70-

13- 35.
12- 60,

11- 55-

10- So .

ANNUAL 9- MILLIONS 45E
TOTAL - OF

(MILLIONS 
DOLLARS 40

OF 35-

DOLLARS) O- 30-

E-26

4- 20-
3- 15-

2 10"
1- 5-

1394 162 CUMULATIVE
TOTAL

Fiogw 4. Summery of Annual and Overall ARSA Benfits and Costs (Discounted 1983 Dollars)
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INTRODUCTION quencing delays, and delays due to the ARSA
mandatory communications requirement. The :

Implementation of the ARSA concept involves primary source measures for the APO study
the restructuring of airspace around many air- were controller interviews (for delay estimates)
ports currently designated as Terminal Radar at the operational confirmation sites and an
Service Areas (TRSAs). Instead of the current APO-developed regression analysis linking
TRSA voluntary participation, aircraft will be ARSA-avertable MACs to traffic levels at TRSA
required to maintain two-way radio contact with sites.
ATC while within the ARSA core area (within
five nautical miles of the airport tower, from The delay measures used in the APO study have

the surface to 4000 feet height above airport Teel eaures used the AO caudya
(HAA), and from five to ten nautical miles out bee wite an d a d to algrsA candi-
while between 1200 and 4000 feet HAA). All date sites in this study, and the regression anal-
aircraft operators arriving at an ARSA airport ysis relationship has been applied directly to
are required to participate in arrival sequencing, projected traffic volumes at all ARSA candi-
but VFR separation minimums are reduced dates to yield aggregated benefits and costs.
within the airspace core. All aircraft departing
from ARSA airports are required to obtain a Following performance and evaluation of the
departure clearance. ARSA concept at Columbus, Ohio, and Austin,

Texas, it is assumed that FAA will proceed to

The ARSA concept was primarily developed implement ARSAs at all existing TRSAs. For

during NAR Task Group 1-2.2 and is currently purposes of scenario definition, this study as-

undergoing an operational confirmation at two sumes that 28 will be implemented in 1985, 45

sites (Columbus, Ohio, and Austin, Texas) prior more in 1986, and a final 64 in 1987. Overall,

to expanded application. In support of this it is assumed that 139 ARSAs will be in opera-
operational confirmation, the Office of Aviation tion by mid-1987, and that their operational

Policy and Plans (APO) has prepared an eco- effects will be largely expended by 1992. This

nomic analysis for the two sites involved.7 The limitation to 1992 is based on the expectation

benefit-cost analysis presented here is based on that other activities, improvements, and air-

a modified extrapolation of this APO work. space or procedural changes will occur between
now and 1992 due to other NAR recommenda-
tions and NAS Plan implementation. These

The APO study identified the principal benefits actions are expected to substantially improve
from ARSAs as being a reduction in midair colli- aircraft tracking and collision avoidance capa-
sions (MACs) and a decreased VFR separation bilities. As a result, it is felt that no ARSA-

* standard which will lead to reduced VFR delays dependent benefits will be distinguishable after
in non-peak hour arrivals. The study identified 1992. The benefit and cost stream is therefore
the principal costs as including training and edu- stopped in 1992 and a benefit to cost ratio
cation, departure delays for currently non-par- determined for that date.
ticipating VFR aircraft, peak hour arrival se-

BENEFITS

7U.S. Department of Transportation, Federal Aviation Admin- As indicated in the APO study, the primary,
lstration, Reguitory Evaluation of Notice of Proposed Rule- measurable benefits from implementing ARSAs
making to Implement an Airport Radar Service Arm at are expected to be a reduction in mid-air colli-
Columbus, Ohio, and Austin, Texas, Office of Aviation Policy
and Plans, Regulatory Analysis Branch, July 13,1983. (Here- sions (MACs) and an operating cost savings from
-natter RegulatoryAndysls). reduced separation minimums.

1.0-..-:
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* ."-* Avertable MACs a depiction of average operations per
ARSA assumed for the analysis presented

The APO study (hereinafter "regulatory analy- in this report. This average appears to drop
sis") provides the following description of its after 1984 and then rise in later years be-
assessment of ARSA-avertable MACs. 8  cause the first year average is based on

Austin and Columbus and both have well
"The FAA conducted an extensive review of above average annual operations. The in-
MAC accidents that occurred during the period clusion of more candidate sites in later
from 1978 to 1982. Data were derived from years lowers the average which then rises
National Transportation Safety Board (NTSB) consistent with the five percent traffic
accident reports and the FAA Accident/Inci- growth assumed for this analysis.
dent Data System. The FAA considered only
those MAC accidents which occurred within "When scaled to an annual basis by a scaling
proposed ARSA airspace at the 136 airports factor of 4.5 to account for activity growth over
(as of July, 1983) which employ TRSA services the five year period, the ARSA collision formula
and in which at least one operator was not bomes
communicating with ATC or the midair oc-
curred because one operator did not receive
arrival sequencing." The FAA projected the 0.12n 0 So
number of MACs that would have occurred in C = = .027n1 •0

the proposed ARSA airspace over the five-year .5

period.

c "A regression analysis was developed which pro-
vides an analytic expression of the average mid- The costs of a MAC include damage to the air-
air collisions in proposed ARSA airspace per air- craft, the value of lives lost and the cost of in-
port providing TRSA services from 1978 to juries. The average weighted cost per general
1982, as a function of average aircraft opera- aviation MAC accident in 1983 dollars is
tions per airport, on the basis of calendar year $1,644,000."9 This dollar amount is derived
1982 operations ... The five year collision esti- by considering such factors as different types
mator is in the form C = anb where: of GA aircraft, average numbers of occupants

that fly on these aircraft, probabilities that rele-
" 'C' is the average number of MACs occur- vant costs will be incurred, and distribution of

ring in proposed ARSA airspace per TRSA hours flown by aircraft type.
airport over the period of January, 1978,
to December, 1982; Utilizing the equation developed by APO, 1982

" air traffic activity at TRSAs, 10 and the assump-

'yielded the east terrobewecenthe ac tion of an annual five percent increase in trafficyielded the least error between the actual -

and estimated number of collisions;
80p. cit., Regulatory Analysis, pp. 8-11.

* n' is the average number of aircraft opera-
tions per TRSA airport in 1982 in units of 90p. c I., Reglatory Analysis, pg. 26, Taoe 2.
100,000 had the ARSA been implemented
(local, itinerant, plus an additional average tose U.S. Deportment of Transportation. Federal Aviation

estimate of 10% of local and itinerant to Administration, Airmen Information Manusl. Paragraphaccount for additional operations handled 16, December 12,1982, pg. C4-SI-11, and U.S. Departmentaccoun.. of Transportation, Fedeal Aviation Administration, FAA
by ATC in an ARSA)." Figure 5 provides Air Traffic Activity, September, 1982, pp. 1645.
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MAC reduction-related dollar benefits have ":'..,
2W- been derived. These benefits are displayed in
2.2. \Figure 7.

141040 01 0 0
OF ?lS_

THOUSANDS -OF

OPERATIONS t6-
* Pin ARMA14

(AVERAGE) 140-
, 76- 130-

.5 110-

,110. . 12 
CUMULATIVEIGO

YEAR -- 0 IN "
MILLIONS

Figure 5. Average Operations Per ARSA by Year 40
30"

I O.20-

activity at potential'1  ARSA sites, an average YEARl,_.

value for avertable MACs per ARSA site per
year was developed. The discrepancy between
the 4.5 percent traffic growth factor used to Figure 7. Cumulative Dollar Savings from MAC
estimate ARSA-related MAC reductions and the Reduction (Undiscounted)
five percent used for future activity growth
arises from the fact that the actual growth
trend at the surveyed potential ARSA sites was Redu VFR Separation Minima
4.5 percent for 1978-1982 whereas the five per-
cent future growth factor is a projection. Based The regulatory analysis described benefits from 9
on this analysis and the scenario described reduced VFR separation minima as follows:1 2

above, the total MAC reduction anticipated
from an ARSA program is 83. Figure 6 depicts "Certain VFR operators should experience

- the cumulative total of averted MACs projected some savings in arrival time as a result of the
for the ARSA program on a year by year basis, proposed reduced separation minimums (1 1/2

Utilizing the annual MAC reduction figures and miles to approximately 400 ft. horizontally)."
UhCfBased on estimates by local ATC personnel at
the APO-developed MAC cost of $1,664,000, the two operational confirmation sites, this

proposed rule would, using a straight-line aver-
age,' 3 save 60 operators one minute per opera-

too- tion, per day, three days per week. If this esti-
mate is applied at each ARSA site, then 9360

A.,EDC' flights per year per ARSA site would benefit
AVUMULATIVU"U W by one minute of reduced delay. Because the

40.

30 program begins with only two sites and then
IS increases to 30, then 75, and finally 139, the

delay reduction benefit appears to decrease
YEAR-.

i Figure 6. Cumulative Reductlion In MAC at ARSA 21bid.

13 Estimates at the two sites differ slightly. For purposes of
this analysls, a straight-line average Is applied for all poten- "- . -

Op. cit., Regulatory Analysfs, pp. 11-12. tial ARSA sites. ",-
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* -'"'. dramatically in the first few years and then Total ARSA Program benefits were derived by

- flatten out in later years. Later year increases combining the two cost savings just described.
in the benefit arise from increased traffic activity This total was then discounted in conformance
alone. This is shown in Figure 8. with OMB Circular A-94 to yield a present

worth in 1983 dollars. Based on this method-
ology, the total discounted value of ARSA pro-

3,- gram cost savings is $84.5 million. This is de-

Fur 8picted in Figure 10.
ANNUAL. 24-

(THOUSANDS 0
V leMOF HOURS) IS i

12-

6. 140-

130-

120-
lOSS 1992 MILLIONS 1hO

YEAR ___ OF IW

APO estimates that the average variable opera- REOCEo REDUCED TOTAL DISCOUNTED

ting cost (VOC) (private pilot/crew time, fuel o,, A SAVIOS SAVIT

DOLLARS SAVoG

and oil, and maintenance) of a general aviation
.. (GA) aircraft is $89.94 per hour.14 Based on

this figure, total hours saved, and the five per- Figure 10. Total Discounted ARSA Benefits
cent traffic increase already noted, total VFR (1983 Dollars)
separation reduction savings were developed
and are depicted in Figure 9.

,, The costs associated with implementation and
operation of ARSAs fall primarily into five

DELAATYV MAS OSCS

S( t /ecategories.

* Costs incurred in development of the
NAR Program, and in particular, arrange- 

(Aa$.94 pment and convening of Task Group 1-2.2,
which developed the ARSA concept and
parts of other task group sessions that

Figure 9. Cost Savings from Reduced Delays made limited inputs to the concept.

in ARSAs (Undiscounted)
a VFR departure delays expected to affect

certain types of general aviation operators
not currently participating in TRSAs.S141bTd. And hee U.S. Department of Trensportation, Federal

Aviation Administration, Economic Valut, For Evaluation * VFR arrival sequencing delays occurring
of Federao Aviation Adminofrlon Invfitment and Regu-

-Iav/toy Prognm, Report No. FAA-APO-81.3, September, during peak hours as a result of ARSA
-.-. 1981. mandatory sequencing requirements.•I -..

13
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0 VFR delays occurring as a result of the delay that will be experienced due to depar.
requirement for ATC permission to enter ture clearance requirements as well as for
an ARSA. arrival sequencing and ARSA entry require-

ments. The delays shown are both cumulative
. Federal government costs associated with and additive, with each type of delay repre-

the initial operational confirmation and sented by the space between the lines bounding
training/education at each ARSA site. its label.

Each of these cost elements is detailed below "FAA assumes that these are mostly general
and in the accompanying figures. Total dis- aviation operators and, on the basis of local
counted costs for the ARSA Program are esti- ATC personnel estimates, that the mix of air-
mated to be $43.9 million, craft flown by these operators is 50% - 30% -

20% for single engine piston (SEP), multi-engine
The APO study describes the following costs.' 5  piston (MEP) and turboprop (TP), respectively.

Furthermore, FAA estimates the value of time
Task Group Meetings to operators of SEP, MEP and TP aircraft in

1983 dollars is $21.56, $40.66 and $179.82

In addition to the entire session of Task Group per hour, respectively. These estimates are
1-2.2, one-half of the sessions of Task Groups based on the assumption that operators of SEP
1-2.3 and 1-2.4 concentrated on issues asso- aircraft are private pilots, while operators of
ciated with this concept. As a result the total MEP and TP aircraft are salaried crew pilots.
task group meeting related costs of the ARSA FAA believes that assuming the pilots of MEP
concept are $188,658. and TP aircraft are salaried crewmembers

overstates the actual cost impact. On the basis S

VFR Departure Delay of these values of time cost factors and mix of
aircraft flown by these operators, the average

"On the basis of previously provided Stage Ill weighted GA operator value of time per hour
TRSA services, it has been estimated by air is $58.95.'"18 Figure 12 presents an overall

traffic controllers that 33 percent of opera- estimate of cumulative delay costs based on

tors departing VFR would not participate in total hours and operator value per hour.

the full ARSA departure services if voluntary.' 6

FAR Part 91.87 already requires that operators VFR Arrival Sequencing Delay/Peak Hours
departing an airport traffic area maintain two-
way communication with ATC. The new addi- "Certain VFR operators could experience some
tional requirement imposed by the ARSA is delay during ATC peak hour operations result-
that these VFR operators would be required to ing from mandatory arrival sequencing require-
contact clearance delivery for a departure fre- ments. While these operators would benefit
quency and departure code. The time for an
operator to contact clearance delivery is esti-
mated to be 1 minute. This would not impact
IFR operators because they are already re- 150p. cit., Regulatory Anelys, pp. 15-21.

% quired to contact clearance delivery." It is
estimated by local ATC personnel at the two 16 Thirty-thres percent Is an average of the figures for Austin

operational confirmation sites that, based on and Columbus.

a straight line average, 17 66 VFR departures
per day (33 percent of 200 daily VFR depar- 17Se footnote 13.

tures), per ARSA will experience this one
minute delay. Figure 11 displays the hours of 18Op. cit., Regulatory Analysis.
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entrance into the ARSA when ATC handling of
9 arriving traffic is at capacity." Estimates by
N local ATC personnel at the two operational con-
no. firmation sites indicate that, on the average,21

ARRIVAL 50 operations per week will experience an aver-
CU ,vAVFoR age three minute delay before they are given

SEQUENCINGS ATC approval to enter an A RSA.22 These de-
4o1I DELAY lays and costs are also shown in Figures 11 and

3511-12.

2FAA Education, Training Program and
E ATU.E Administration Costs

100. OELAY

The FAA has undertaken an operational con-
YEA "-firmation of the ARSA concept at two sites.

Costs for supporting this activity in the form of
study design, data collection, and evaluation

Figure 11. Cumulative Delay Incr s Due to ARSAs are expected to total approximately $500,000.

In addition, the FAA will incur initial one-time
,1W only costs to train local FAA facility managers'

staffs and conduct meetings with local airmen
" / ,LIVEto explain the ARSA concept. The initial non-

,M ,recurring costs relating to this requirement
INLLIOS DELAY include personnel costs, travel, per diem, town

ARRIVAL hall rental, letters to airmen, bulletins, etc., and
DEA are approximately $20,000.23 Overall costs for

14- ,9N this training and education activity are pre-
"__,____ __"_ sented in Figure 13.

Figure 12. Cumulative Cost of ARSA Delay Iner s A summary of ARSA Program costs is presented

u1(UdisCot Ayted) in Figure 14.

from ARSA reduced separation minimums Overall, implementation of the ARSA conceptwithme sas r d prmateon minmut$ would generate an estimated $84.5 million inwith time savings of approximately one minute, benefits and $43.9 million in costs through
they would experience delays of approximately 1992. Based on these estimates, the benefit-to-
2.5 minutes or a marginal arrival sequencing cost ratio for the ARSA program is estimated
delay of 1.5 minutes per operation." This re- o be fo t 1.00 and is e sigure dqu'mnbse netmts ylclAC to be 1.92 to 1.00 and is depicted in Figure 15.' quirement, based on estimates by local ATC

personnel at the two operational confirmation
sites, would on the average' 9 impact 60 opera- t°se footnote 13.

. tions per day, four days per week.20 Figures 11
and 12 (above) provide a summary of these 20 cit.,RUJDor, AIV/C.
delays and costs.

21footnote 13.

VFR Delay Encountered to Enter the ARSA
220P cit., Repirorv Areeyal.,• _ - "Crai F peaor oudexperience somect.Rulornlyi,

delay a a result of being denied immediate 230p. cit., Reoultor Anelysi, pg. 20.
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INTANGIBLES

3.5-
CO2.5- An intangible benefit arising from the ARSA

IN 20
MILLIOS ~,sconcept is the clarification of pilot and control-

to] ler responsibilities and, probably, easing of

ION 1=7IW pilot education (especially among student
YEVAR -- 0 pilots) due to the simplicity of the concept.

Figure 13. Cumulative Costs of Training
and Education (Undiscounted)

APSA
BE NE FITS 6-MLIO

MILLIONSSOOF W_
DOLLARS 

'

20- COSTS

TRIIO DELAYS TOTAL DISCOU.NTED

ADCOST TOTAL
EDUCTIONCOST

Fiue14. Total Discounted ARSA Costs Figure 15. Benefit-Cost Ratio of ARMA
(1963 Dollars) Enhancement Area
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CHAPTER 4
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ARTCC RESECTORIZATION

SUMMARY occur which would reduce required controller
numbers regardless of resectorization. A general

Among the earliest planned activities of the reduction in required controllers cannot be
NAR was an examination of a program to re- expected before some form of the Automated
align ARTCC sector boundaries to more closely En Route ATC (AERA) concept is imple-
reflect traffic flows, eliminate or reduce con- mented. This is not expected before 1990. In
flicts, enhance current automation capabilities, addition, a one-time equipment cost avoidance
level controller workload, and improve system of $70 million is anticipated.
capacity. This Resectorization Program began
prior to the NAR, however, due to the con-
trollers' strike. Its implementation is now vir- rimary quantifable costs for the program in-
tually complete. clude program development, labor hours for

implementation, travel, and equipment. Most
of these costs have already been incurred andQuantifiable benefits from the program are

primarily labor savings arising from a reduction total approximately $12 million.

from 721 to 586 sectors (135 sectors elimi-
nated). The sector reduction translates into The estimated benefits and costs of the Resec-
$55 million per year in avoided controller torization Program are displayed in Figure 16.
salaries. This labor savings can be considered an The anticipated benefit-cost ratio of the pro-
annual savings as long as other events do not gram is estimated to be 25.25 to 1.00.

SBENEFITS "

70- COST

260

TOTAL 46 MILLIONS 180 -I6MILLIONS - OF 160-

OF DOLLARSDOLLAoS) 36 140

30- 120

65 250so- o ,

OF 160-

15 -60.10- 140-

30- 20-_.

1982 1900 CUMULATIVE

YEAR " TOTAL

Figure 16. Summny of ARTCC Rmectoriztlon Benefits and Costs by Year and Overall
(Discounted 1983 Dollars) ]

17



S~W W T%

Intangible benefits from resectorization in- ;hortage of controllers caused by the 1981
clude: ;trike. Implementation of the resectorization

3rogram thus began in mid-1982 and is now
0 an increase in overall system effectiveness 'irtually complete. To date, all of the program's

arising from sector boundary realignments iector reduction and workload objectives have
that follow major traffic flows more oeen met. One-hundred thirty-five sectors (out
closely; of more than 720 originally) have been elimi-

nated. This has in turn allowed for the retire-
0 laying groundwork for increased random ment of much of the expensive equipment

area navigation operations in the NAS; (Plan View Displays [PVDs] ) needed to sup-
port controller activities in each eliminated

0 an improvement in the balance of work sector. There has been a major equipment cost
placed on different versions of the NAS avoidance even though each ARTCC has re-
9020 computers which is enhancing the tained up to 10 extra sectors as reserves, and
working life of the overall computer sector boundaries have been realigned to accom-
system; modate a 30 percent traffic growth factor.

*more efficient metered traffic flows in Most of the Resectorization Program's costs
terminal areas; have already been incurred. Its benefits, how-

ever, can be expected to continue for several
0 encouragement of en route metering more years until some form of the Automated

through realignments that recognize an En Route ATC program matures and is imple-
approximate 200 nautical mile radius mented. Assuming that this will occur in the
around major airports; early 1990's, the Resectorization Program is

assumed to cease to produce benefits and incur
. encouragement of more fuel efficient costs in 1990. 0

descents through realignments that recog-
nize an approximate 135 nautical mile

radius around major airports; and BENEFITS

- increased en route safety and efficiency The primary quantifiable benefits of the
d o o o c b a f ARTCC Resectorization Program are costsdue to removal of sector boundaries from

existing traffic conflict points, avoided in the form of reduced labor require-
ments (fewer controllers) and reduced equip-

I R I ment (fewer PVDs).2 4 Thus, for each of the
INTRODUCTION 135 eliminated sectors, the need for an average

. One of the initial objectives of the National of 11.7 controllers, at $35,000 per year, is
Airspe fethew nitan exmivsn ationa ro- eliminated. This totals $55,282,500 per year.Airsp~ace Review was an examination of a pro- Based on the assumption that these labor costs

gram to realign ARTCC sector boundaries to would continue to be incurred in the future un-

more closely reflect traffic flows, eliminate or l t e torin rrad been

reduce conflicts, enhance current automation implemented, they are assumed to be avoided

Scapabilities, level controller workload from annually until program termination in 1990.
sector-to-sector, and improve system capacity.

While the resectorization program was intended 24U.S m
to be the subject of the first task group meet- Deprtment of Transportation, Federal Aviation Ad-

ministration, Air Traffic Service, AAT-300, memorandum
, ings, its implementation was forced to begin summarizing estimated benefits and costs of Resectorization

prior to the NAR program due to the severe Program; May 27,1982. (Hereinafter "AAT-300 memo".)

18
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... : In addition, for each of the 135 sectors elimi- redesign, briefings, multi-level reviews and
-. > nated, one PVD has been assumed to be elimi- implementation aspects of the program. Pro-

nated. Eliminated spares are ignored in this gram development, sector redesign, and national
analysis because of the additional sectors each and regional briefings and reviews were esti-
center has retained. Thus, 135 PVDs, at mated by Headquarters and regional ATC per-
$152,200 per PVD, are eliminated for a total sonnel to total 1,103 man-days. Implementation
equipment cost avoidance of $89,650,125 was further estimated, by the lead Resectoriza-
(approximately $70 million when discounted). tion Program ARTCC, to require from 44,000
Because the program has been phased in during to 66,000 man-days total. This wide variation
the past year, however, and will not fully realize is due to unpredictable differences in imple-
this avoided cost immediately, only 25 percent mentation workload from ARTCC to ARTCC.
of these avoided equipment costs are assigned Total travel, funded through the NAR budget,
to 1983, with the remaining 75 percent assigned was estimated at $74,000. Equipment costs
to 1984. These costs have not been spread over were estimated on a 1983 and 1984 basis at 25
the life of the program because, prior to resec- percent/75 percent, similar to the treatment of
torization, there was a recognized need to re- benefits. Preparation of new video maps was
place many of these units. Thus, avoided costs estimated at $500 per ARTCC and sector relo-
occur earlier in the program than they other- cation or reallocation at $8,000 per sector for
wise might. each of the 135 sectors.

Total discounted benefits are thus estimated to Total discounted costs are thus estimated to be
be $303 million. These benefits are illustrated from $10.3 million to $14.1 million with an
in Figure 17. average of about $12 million. These costs are

illustrated in Figure 18.

LABOR

EQUIPMIENT IMPLEMENTATION

HIGN LABOR)
13' ORDER l

12- ESTIMATE
50- 11-

t10- LOW

MILLIONS 40- 9. ORDER
OF M I ESTIMATEDOLAS 0.MILL IONS S

DOLLARS 3 OF 7
DOLLARS 6

20 5

10 3 NEW2 PROGRAM 
EOUIPMENT

__ ~DEVELOPMENTTRVL i

1963 1964 90 9 1 9 7 1986 1960
YEAR "

Figure 17. Total Discounted ARTCC Resectorization Figure 18. Total Discounted ARTCC Resectoriation
Benefits by Year (1983 Dollars) Costs (1983 Dollars)

COSTS

The primary costs2 5 associated with this pro- The benefit-to-cost ratio for ARTCC Resec-
gram are one-time-only and cover the sector torization is estimated to be 25.25 to 1.00,

assuming actual costs fall in the mid-range of
estimates (i.e., $12 million). This ratio is illus-

"251bd. trated in Figure 19.
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boundary realignments that more accurately
reflect major traffic flows. Further intangible
benefits are expected from an improved balance ...--.

of computer workload assigned to different
RECTOIZATIW. versions of the NAS 9020 computers. This,sENITS Mn 

oe

shiould result in enhancing the useful life of the
Scomputer system. In addition to these immed-

iate improvements, resectorization is intended
to begin preparing the entire airspace system
for the advent of increased area navigation

REC..AT M 42MILUON (RNAV) operations. By reconceiving of the

system with the presence of RNAV, en route
-N metering, and other advanced automation, sec-
-. ', _tors were designed to recognize both an approx-imate 200 nautical mile and 135 nautical mile

Figure 19. Benefit-Cost Ratio of ARTCC Rome- radius around major airports and were aligned

torization Enhancement Ann to allow more efficient metered flows. Although
runways constitute the ultimate limit on air-

* port capacity, these design objectives have
enhanced existing capacity to some degree.

*Q INTANGIBLES
TaaThe benefits anticipated from this program
The Resectorization Program was designed to may go far beyond mere productivity gains,
work at more than one level and to respond to even though they may not be fully realized for

. several, sometimes conflicting system require- several more years. The immediate analysis has
rw nts. In particular, overall system effective- concentrated on the more tangible, near term
ness is expected to increase as a result of sector productivity gains. -
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CHAPTER 5
RNAV INTEGRATION: RANDOM ROUTES

SUMMARY estimated to total $1.547 billion in discounted
1983 dollar benefits for the 17-year period to

The Random Routes aspect of RNAV Integra- 2000.
, tion is comprised of a set of activities directed

toward enhancing pilot use of, and controller Costs include program development, controller
ability to accommodate, increased random area and pilot training, and RNAV avionics. To-
navigation in flight. gether these costs are estimated to total $676

million in discounted 1983 dollars through
The primary benefit from undertaking such 2000.
actions will be reduced fuel consumption.
Based on fleet make-up, size, and an increasing Figure 20 presents both annual and cumulative
rate of RNAV utilization, this reduction is totals for RNAV Integration.

1600-
BENEFITS

COST

r1400"
125-

1200 °

100-
1000-

ANNUAL 75- MILLIONS ON-

TOTAL OF
IMILLIONS DOLLARS

OF
DOLLARS) SIX -

50-

400.

200

CUMULATIVE

YEAR - TOTAL

.-.

0. ; Figure 20. Summery of RNAV Integrtilon Berefits end Coots by Year and Overall
(Discounted 1983 Dollars)
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The estimated benefit-cost ratio (low order) for BENEFITS
this aspect of the Enhancement Area is 2.29 to
1.00. Operation Free Flight suggested that fuel con-

sumption reductions of 2-3 percent could be
Intangible benefits of RNAV Integration in- expected from random RNAV route utilization
clude an eventual reduction in airway and in the NAS.28 Because the VOR/DME naviga-
route inspection/maintenance due to reduced tion system is to be maintained, thus assuring a
airways and routes in the NAS, and increased mixed RNAV and VOR/DME operation of the
pilot positional awareness. NAS, a forecast of the future RNAV-equipped

fleet and operational utilization of RNAV is
Intangible costs may include some additional required in order to estimate fuel consumption
effort by pilots, especially students, in order to benefits. Figures 21 and 22, showing RNAV
utilize an airspace system which permits a avionics equippage and utilization, 29  were
choice among substantially different naviga- developed30 to estimate these benefits. These
tional methods. projections take into account two anticipated

factors. Firstly, with the advent of the opera-
tional Global Positioning System (GPS) in

INTRODUCTION 1988, there will be a new incentive for aircraft
The. rowners to acquire RNAV avionics, especially if
The random routes aspect of the RNAV Inte- equippage costs are reasonable. Furthermore, it
gration Enhancement Area is concerned gen- is assumed that RNAV avionics standards will
erally with those actions which will lead to the. ,, be fully developed and optimized for ATC sys-
expanded use by pilots of (and ATC capabil- tem integration in the early 1990's (1993) and
ity to accommodate) random area navigation that this will provide an additional incentive.31

(RNAV) routings. The benefits of undertaking These two events are represented by discon-
such actions were indicated in Operation Free tinuities in the figures. In addition, there are 9
Flight 26 and are primarily fuel consumption two values for (GA) equippage and utilization.
reductions. Costs, on the other hand, will en- These divergent values are presented because of
compass NAR recommendation formulation, the lack of a clear indication regarding the de-

'-" program development, controller and pilotprgram deog , contrs oer and gree to which GA owners/operators will move
o training, and RNAV avionics costs. Because to RNAV despite the fact that recent manu-

no significant alternative to or burden on facturing trends seem to be placing more
RNAV use is anticipated in the forseeable emphasis on lower cost RNAV avionics. (It
future, and NAS Plan navigation projections can be assumed that, as costs for equipment
nd continue only to the year 2000,27 the benefit drop relative to any inconvenience arising from

and cost stream is taken to that year, beyond not having such equipment, equippage and
which no forecast is currently considered utilization will increase.)
reasonable.

26U.S. Department of Transportation, Federal Aviation Ad- 28 Op. cit., Operation Free Flight, pg. 1-3.
ministration, Air Traffic Procedures Division, Opeattlen

-- Free Flight, Final Report, Report No. FAA-AT-81-1,
July 1,1981. Number of RNAV hours flown divided by total operating

hours.

.Department of Defense and Department of Tra- 3 0 Estimates are based on Headquarters ATC personnel judg-

portation, Fedend Radlonavlation Plan, Vol. 1, "Radio- ment of Implementation effects.
navigation Plans and Policy," Report No. DOD-4650.4-

* P-I and DOT-T3C-RSPA-81-12-1, March 1982, pp. 1-24 31 nad p
to 1.64. 3Heauarter nnv.ldg peronnel judgment..
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RNAV fuel cost savings were calculated as fol- .... "'
lows. FAA 1982 Aviation Forecasts32 werecol- . .

lected for air carrier and general aviation fuel *...'*

consumption. For the period from 1995-2000, Axw, ,...
a straight line extrapolation (approximately 3.5 MDWr-
percent per year) of fuel consumption was
assumed as depicted in Figure 23. There is a

'3' significant percentage of GA aircraft that uses
jet fuel; however, virtually no aviation gasoline ................................

is used by air carriers. The difference in total ,-_ _ _ _ _ _ _

civil fleet fuel consumption between jet fuel
and aviation gasoline, therefore, provides some Figure 23. Estimated Total Fuel Consump don
indication of the differences in consumption Per Year (by Fuel Type)
between air carriers and general aviation.

($1 per gallon) 33 or GA fuel costs ($2.05 per
gallon), 34 as appropriate, to yield total annual

The percentages of utilization by year, by type and aggregate fuel savings. Total discounted
of operation, were then applied to these fore- benefits were thus calculated to be between
cast levels. An average of 2.5 percent fuel $1.52 and $1.55 billion dollars for the period
savings was then calculated, which in turn was 1983-2000. Figure 24 depicts these annual
multiplied by average air carrier fuel costs benefits.

400

°00
MILLIONS

DOLLARS

-'3200

I;I

to-

YEAR

Figure 24. Total RNAV Integration Benefits by Year (Undiscounted 1983 Dollars)

32U.S. Department of Transportation Federal Aviation Ad- 3 3Ibid., pg. 21.

ministration, FAA Avladton Forecasts, Fiscal Yeers 1983-
1994, Report No. FAA-APO-83-1. February 1963, pg. 54. 3Ibid.
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. COSTS new controller curriculum (five additional hours
are estimated) and to re-train a significant per-

The cost elements35 of Random Routes are centage of controllers (45 percent) now in the
described in more detail below, field.36 These costs are estimated at approxim-

ately $30,000 per year throughout the program.
NAR Recommendlation Formulation/Program

Development RNAV Avionics

NAR Task Group 1-3.1 developed the major The largest cost component associated with
recommendations which form this enhancement R NAV Integration is expected to be the costs
area. In addition to the task group meeting borne by airspace system users to purchase the
costs, FAA staff costs will be incurred in devel- area navigation equipment necessary to allow
oping the ultimate program. These costs are random or direct RNAV operation. Costs in
estimated to total one hundred fifty thousand this category are based upon the equippage
dollars. estimates noted above for air carrier and gen-

eral aviation aircraft. The annual costs of
Controller Training RNAV avionics systems,37 by aircraft type, are

depicted in Figure 25. These costs are shown as
FAA personnel costs will be incurred in order an annual aggregation of general aviation, busi-
to enhance the RNAV segment in the current ness jet, and air carrier acquisitions of RNAV

200-

ISO - AIR CARRIER

" 170- GENERAL AVIATION

100- USINEU JETS~10-
140-"

ANNUAL 130-
AVIONICS 120-cosrs
IMILLIONS

OF 100-
DOLLARS) 9-

110-
-. 70-

10-

% 20-

AIZ
0 YEAR.-

Figure 25. AmWa Cost of RNAV Avimil by Airaraft Type (Undimoumted 1983 Dollars)

3 5 U.a. OD@Wtnent of Tnspotmatlon, Fedirel Aviation Ad. 3Eaetlmated tInm we baed on discussions with Hedclqurters-. '-. ATC pwlonnW.

nisntrtlon, Implmenuton of Am AATbCrso In fn
Ab'.OM Aftapew &P", Final Rept. FAA RD-76-10. 37
Domber 1076, Chap. 6. IHeranefte RNAV Study.) ,. OiL, RNAV Study.

25
.',. ..,... ...,....... .... ......,.,....-.;..,-...,...-,.. ., .:,,... , _........... : :



avionics. The totals are not cumulative from
year to year. :- .

"

Given the component costs, the total estimated
discounted costs for the Random Routes aspect ,,FIUTSv ,,,,,, ,oN
of an RNAV Integration program are between
$538 and $676 million. These are shown in IIATooFOE,=,,STO

Figure 26.2 I

RNAV
1INTEGRATION $676 MILLION

-lo -* 
s

ESTIMATE

ESTIMATE Figure 27. Benefit-Cost Ratio of RNAV Integration
OF o Enhancement Area

J m-

no - As can be seen the higher ratio is derived using
..,1 the lower values. This directly reflects the in-

-G DE" & creasing gap between percent RNAV equipped
PROGRAM DIV. S ADOITIOSAL

TRAINING Oand percent utilization during the early stages
of a random routes program. Indirectly, this
may reflect the probability that, as random ogr

Figure 26. Total Discounted RNAV Integration Costs route utilization increases in the lower altitude
(1963 Dollars) strata, the benefits of reduced fuel consumption

are lower because aviation gasoline is signifi-
cantly more costly than jet fuel.

INTANGIBLES
Figure 27 graphically depicts the benefit-to-cost

N ratio of 2.29 to 1.00 estimated for this effort. Intangible benefits of RNAV Integration in-
clude eventual reduction in airway and route

This benefit-to-cost ratio was calculated using inspection/maintenance due to reduced airways

the low cost, low benefit and high cost, high and routes in the NAS, and increased pilot in-
benefit as follows: cockpit navigational awareness.

low benefit = $1521 million = 2.83 Intangible costs may include some additional
low cost = $538 million effort by pilots, especially students, in order to

utilize an airspace system which permits a
* high benefit = $1547 million = 2.29 choice among substantially different naviga-

high cost = $676 million tional methods.

l.I
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i--.. CHAPTER 6

" "-OTHER ENHANCEMENT AREAS

Seventeen additional enhancement areas have and aggregated with the three areas already
been identified to date for categorization of developed to more accurately reflect NAR Pro-
recommendations. In subsequent updates of this gram benefits and costs. These seventeen re-
report, these areas will be analyzed in detail maining enhancement areas are as follows.

Terminal Airspace System Structure

* Terminal Control Area (TCA) 0 Infrastructure
0 Radar Services * International Interface

En Route 0 Airspace for Special Use

0 Military Training Routes (MTRs)
- Airways/Routes

-' Flow Management Regulations and Standards

Flight Service System * Regulatory Simplification

* Aeronautical Charts 0 Regulatory Elimination

0 Flight Information Publications * Standards Development

e Weather 0 Separation Standards

* Flight Service Station 0 Handbooks

27
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FIGURE A-1.
• "..': SUMMARY OF CURRENTLY QUANTIFIED

ENHANCEMENT AREA BENEFITS AND COSTS

ACTIVITY DISCOUNTED BENEFITS DISCOUNTEDCOSTS NET BENEFITS

ARSA $ 84.5M $ 43.9 M $ 40.6 M

ARTCC
Resectorization 303 M 12 M 291 M

RNAV Integration:
Random Routes 1,547 M 676 M 871 M

Current NAR Program
Total $1,934.5 M $731.9 M $1202.6 M

e PROGRAM Benefits = 1934.5 2.64 Benefit/Cost
PROGRAM Costs 731.9 Ratio of

Currently
Quantified
ENHANCEMENT
AREAS

t NOTE: Net Benefits are discounted benefits - discounted costs.

A-1
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~APPENDIX B
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FIGURE B-1.
NAR PROGRAM AND TASK GROUP MEETING

REPRESENTATIVE COSTS
(1983 DOLLARS)

FAA
Labor:
T 4 People X $226.08/dy1 X 6' dys = $ 5,426
Travel:

* 2 People (from eastern half of U.S.)
at $400 round trip $ 800

0 Per diem $75/dy for 8 dys 600
(includes weekend) 1,400

Pre/Post Meeting Activities2 :

0 65 dys @ $226.08/day $14,695

Subtotal (FAA) $ 21,521

NARAC MEMBERS

Labor:
8 People X $2803/dy X 6 dys 13,440

Travel: T 1 person (from mid-U.S.) 500
at $500 round trip

Expenses ($100/dy) X 8 dys 800

Local Travel at $.20/mi for
10 mi for 6 dys X 9 people 108

NARAC Travel (total) $ 1,408

Pre/Post Meeting Activities:

* 3 dys @ 280/dy 6,720

Subtotal (NARAC Members) $ 21,568

TECHNICAL SUPPORT $ 45,300

(Pre-meeting materials, daily summary minutes, staff studies,
recommendations classification, automated recommendations
tracking, computer support, EXCOM meetings, etc.)

RELATED NAR STAFF ACTIVITIES 4  $5,990

TOTAL (meeting) $94,379

1 Based on GS14, Step 5 average salary plus 26 percent fringe benefits. Average meeting duration: 6 working days.

21ncludes all meeting preparation activities, post-meeting report preparation, preparation of NARAC materials, EXCOM materials.
and Administrator briefing, and FAA member/participant reviews.

3 $55,000/yr X 1.26 (Fringe Benefits)/250 dys per yr = $280/dy.
4 Averages all other NAR-related activities including travel to and participation by NAR staff in meetings and conferences held by

- Interest groups involved in the NAR; preparation of briefings and papers for such events.

B-1



.- ' '- - ' - - - . . . . . . _ . - - . . - . . - . ... .. .

* i

Iri A77Z FPROGRA mp1 7. T 70TV

APPENDIX C

ARSA PROGRAM

BENEFITS AND COSTS

"

S"9t

0;

9'.,. ,%*
, °. -".

'°



p.-mo o~ r- N N

ca x
41 N 0)

9%wt Ck CL co a~oco

N:0 4 (N

I- 4 -C

U. v o 0

0 Lb U-)CV

> a ,%

Cd) c0 o __) _4_oto

06
4(. v ~ ( t CV C 0

(0 CIC.4,V) 0

-U Ot * l -

m >-

u) I. m m CVo CV)L

m~ m0 Co 0 Co ;o CoC

'a.' *c 5"5o.

L- z CL

e..

q 8

Ire us I- V-

0 CL.i

0 (
C14.

d ~ ILLeC

R~. ~ ~

**. .- e

S.... c-

~~~ ' ~~~~~~~~~ ~~-1*.*-. \~ ( ~ 9 \ . ... *. .



FIGURE C-2.
BENEFITS OF REDUCED VFR

SEPARATION STANDARDS IN ARSA
(BASED ON AVERAGE ARSA:

1983 DOLLARS)1

Annual Total Number
N. Delay Annual of ARSA

Reduction Cost Locations
Year (hrs.) Avoidance (arpts.)

1984 312 28,062 2

1985 4,914 441,990 30

1986 12,899 1,160,158 75

1987 25,102 2,257,668 139

1988 26,357 2,370,552 139

1989 27,675 2,489,079 139

1990 29,059 2,613,533 139
* 1991 30,512 2,744,210 139

1992 32,037 2,881,420 139

1 ased on the following formula:

60 ops/dy X 3 dyslwk X 52 wks/yr - 9360 oPS./yr/ARSA
9360 op.Iyr X 1/60 hrs/ops. - 156 hrs/yr/ARSA
156 hru/yr X 89.94 var-opat/hr|GA) - $14,031/yr/ARSA

(Operations isumed to Incres by five percent per year)
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FIGURE C-5.

OPERATIONAL CONFIRMATION,
TRAINING AND EDUCATION

PROGRAMS COST
PROGRAM TOTAL (1983 DOLLARS)

OPERATIONAL CONFIRMATION
(Study design, survey data collection, evaluation support; 1984) $500,000

TRAINING & EDUCATION

$20,000 PER ARSA SITE
(Based on APO study)

0 2 (in 1984) x $20,000: $40,000

0 28 (in 1985) x $20,000: $560,000

0 45 (in 1986) x $20,000: $900,000

0 64 (in 1987) x $20,000: $1,280,000

TOTAL $3,280,000
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FIGURE D-1.
,'. \~LABOR AND EQUIPMENT COST

AVOIDANCE FROM RESECTORIZATION
(1983 DOLLARS)1

Labor Cost Equip. Cost
Year Avoidance Avoidance Annual Total

1983 $13,820,3752 $ 5,136,750 $18,957,375

1984 55,282,500 15,410,2503 70,692,750

1985 55,282,500 0 55,282,500

1986 55,282,500 0 55,282,500

1987 55,282,500 0 55,282,500

1988 55,282,500 0 55,282,500

1989 55,282,500 0 55,282,500

1990 55,282,500 0 55,282,500

.* 1 Based on the following formulas:

Manpower
[avg. 11.7 controllers/sector 0 $35,000]

-" 11.7 x $35,000 x 135 sectors - $55,282,500.

Equipment
[1 PV D/sector S $152,000/sector]
$152,200lsector x 135 sectors = $20,547,000

2 Twenty-five percent of maximum annual labor and equipment cost avoidance realized in first year.

3 Remaining seventy-five percent of equipment cost avoidance realized in second year. Amortization over a longer period not war-
ranted because of pre-resectorization need to replace PVDs In near term rather than over an extended period.
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FIGURE D-2.
COSTS OF IMPLEMENTING ARTCC RESECTORIZATION PROGRAM

(1983 DOLLARS)1

Program Development, sector re-design,
briefings, reviews: 1103 mandays

1103 mn-dy x 193.252 /mn-dy = $213,155

Implementation (Indianapolis Center Consolidation
Staff Study estimate)

46,000 to 66,000 mn-dy x $193.2 = $8,889,500 - $12,754,500

Travel3 /$70,000 x 1.055 (CPI increment)) = $73,850

Equipment

* Video Maps ($500/ARTCC) = $20,000

* Sector relocation/reallocation
($8,000/Sector; 135 Sectors Total)

1982: 34 Sectors (at year end)
x $8,000/Sector = $272,000

1983: 101 Sectors (at year end)
x $8,000/Sector = $808,000

Total Costs (Undiscounted) $10,276,505 to $14,141,505

i. 1AAT-300 memorandum summarizing headquarters and field studies estimating Resectorization Program costs, May,
1982.

2Based on 1982 average $183.18 per specialist per day multiplied by CPI average increase of 5.5 percent.

3Travel funds provided by NAR budget.
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FIGURE E-1.
ESTIMATES OF AIRCRAFT EQUIPPAGE LEVELS (RNAV AVIONICS)

-* :. -AND RNAV OPERATION RATES, 1983-2000

Air Carrier General Aviation

Business Aircraft Other GA

Year % % % % % %
. Equipped Use Equipped Use Equipped Use

(RNAV) (RNAV) (RNAV)

1983 12 8 6 1 6 1

1984 25 13 7 2 7 2

1985 40 25 9 4 9 4

1986 60 45 11 5 11 5

- 1987 75 60 13 6 13 6

1988 85 68 15 8 15 8

1969 92 75 21121+ 15/17 21/21+ 15/17

1o 95 80 23/24 16/18 23/24 16/18

1831 97 82 24/26 17/20 24/26 17/20

1992 go 84 26/29 18/22 26/29 18/22

1903 100 87 28/32 19/24 28/32 19/24

1904 100 so 32/38 27/32 32/38 27/32

-m 19 100 90 34/42 29/35 34/42 29/35

S19 100 92 36/47 31/38 36/47 31/38

197 100 93 38/53 33/44 38/53 33/44

1996 100 94 42/60 36/50 42/60 36/50

I.- 100 95 46/67 40/57 46/67 40/57

2000 100 96 51/75 44/65 51/76 44/65

E-1
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FIGURE E-2.
ESTIMATED RANDOM ROUTES FUEL
CONSUMPTION SAVINGS 1983-2000

(1983 DOLLARS)1

Discounted
Cost Swings Discount Value

Year (millions) Factor (millions)

1983 17.77 1.00 17.77

1984 30.21 .91 27.49

1985 59.39 .83 49.29
1986 107.02 .75 80.23

1987 145.16 .68 98.71
1988 169.80 .62 105.28
1989 196.81/198.24 .56 110.21/111.01

1990 214.44/215.92 .51 109.36/110.12
1991 227.12/229.47 .47 106.75/107.85

* 1992 240.19/143.45 .42 100.88/102.25

1993 256.65/260.93 .39 100.09/101.76
1994 278.791283.24 .35 97.58/99.13 •

1995 294.77/300.33 .32 94.33/96.11
1996 314.67/321.41 .29 91.25/93.21
1997 332.50/343.52 .26 86.45/89.32
1998 352.19/366.82 .24 84.53/88.04
1999 374.18/392.59 .22 82.32/86.37

2000 393.63/417.27 .20 78.73/83.45
1521' "W/1547.39

1 Dollr cast savings were dirlued using the following formula in ssch yar:

stmated gallons used by A/C x stimsted RNAV utilization rate (ee Figure E-1) x 2.5 percent x $1.00/gel. - A/C fuel srvings

Esoietgd pllon used by GA x estimated RNAV utilization rate (see Figure E-1) x 2.5 percent x $2.06/g. - GA fuel w'ilngs

A/C smvng + GA savngs Total annual fuel nvlnp
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FIGURE E-3.
RANDOM ROUTES RNAV PROGRAM

DEVELOPMENT COSTS
(1983 DOLLARS)

NAR Meeting: $94,379

* HO & Regional Staff:

Program Development and Review (HQ)
(230 mn.-dys @ $225/dy) = $51,750

S(1/2' 1983; 1/2 1984)

Program Reviews and Briefings (Regions)
(30 mn.-dys $225/dy) = $6,750

S1/2' 1983; 1/2 1984)

Subtotal Program Development = $152,879
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FIGURE E-4.
CONTROLLER RNAV TRAINING COSTS

(1983 DOLLARS)'

0 New Controller Training:

- [additional 5 hrs. at Okla. City Training Center per
'.~'controller trainee ($16.25/hr)2 ; FAA trainer

($28.25/hr)3 ]

- 5 hrs. x $10.43/hr x 500 controllers/yr =$26,075

- 5 hrs. x $28.25/hr x 25 tn'g classes/yr =$3,531

$29,606/yr.
(each year of program)

SUBTOTAL

0 Re-training for RNAV

- 45% of controllers each require 3 hrs. training

- total trainer time = 1lmn.-yr

0 5000 controllers x 3 x 23.02/'hr. =$345,300 1-j

0 1 FAA mn-yr $117,000

SUBTOTAL $462,300 (1984 only)

Horestimates based on Headquarters ATC personnel judgment.

2GS 7 entry level plus 26 percent fringe benefits.

3GS 14 average plus 26 percent fringe benefits.

4sia8oo per year average controller salary 9lus 26 percent fringe benefits.
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FIGURE E-6.
SUMMARY OF COSTS FOR RANDOM ROUTES ASPECT OF RNAV INTEGRATION

DISCOUNTED 1983 DOLLARS) -"

Program Controller Additional Total Discounted
Year Dev. Training Avionics (000) Discount Value

(000) (000)

1983 123,629 18,941 19,065 1.00 19,065

1984 29,250 491,906 43,554 44,075 .91 40,108

* 1985 29,606 63,383 63,413 .83 52,633

1986 29,606 71,774 71,804 .75 53,853

1987 29,606 66,996 67,026 .68 45,578

1988 29,606 59,540 58,638 .62 36,356

1989 29,606 58,349/65,817 58,379/65,847 .56 32,692/36,874

1990 29,606 50,926/67,594 50,956/67,624 .51 25,988/34,488

1991 29,606 50,153/67,594 50,173/67,784 .47 23,581/31,858 1r:-0

1992 29,606 58,650/79,400 58,680/79,430 .42 24,646/33,361

1993 29,606 68,167/84,650 68,207/84,680 .39 26,601/33,025

1994 29,606 67,193/94,819 67,223/94,849 .35 23,508/33,197

1995 29,606 70,038/109,101 70,068/109,131 .32 22,422/34,922

1996 29,606 72,288/134,888 72,318/134,918 .29 20,927/39,126

1997 29,606 74,538/139,032 74,568/139,062 .26 19,388/36,156

1998 29,606 91,519/158,044 91,549/158,074 .24 21,972/37,938

1999 29,606 102,069/163,413 102,099/163,443 .22 22,462/35,957

2000 29,606 114,476/188,332 114,506/188,362 .20 22,901/37,672

Totals 538,222/675,689

E -6
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EXECUTIVE SUMMARY

The National Airspace Review (NAR) is a coop- AIRPORT RADAR SERVICE AREA (ARSA)
erative venture of the aviation industry and
government. Using a synergistic approach, the ARSAs are intended to replace Terminal Radar
NAR is comprehensively reviewing air traffic Service Area (TRSA) airspace with a simplified
control procedures, flight regulations, and air- airspace configuration and mandatory com-
space for the purpose of validating the current munications requirement. The dollar value of
system or identifying near-term changes which cost savings arising from ARSAs is estimated
will promote greater eff iciency. Asa component based upon ARSA implementation at all 139
of the National Airspace System Plan (NAS current TRSAs and is expected to be realized
Plan), the NAR will provide the operational until 1992. Benefits are estimated to total
framework for moving into the next generation $84.5 million in discounted 1983 dollars.
National Airspace System.

The costs associated with implementing and

With over 600 recommendations now formally operating ARSAs are comprised of various types
developed, there is a recognized need for an as- of delay experienced by VFR aircraft and train-
sessment of the program's benefits and costs ing/educating controllers and pilots. These costs
which will evaluate progress to date. This report are estimated to total $43.9 million in dis-
should be read in conjunction with the NAR counted 1983 dollars. The estimated ARSA
Interim Report and NAR Implementation Plan benefit-to-cost ratio is thus 1.92 to 1.00.
in order to gain a more detailed understanding
of the NAR program and process. ARTCC RESECTORIZATION

The ARTCC Resectorization Program was
The "Enhancement Area" classification devel- undertaken to streamline and reduce the num-
opd for the NAR Implementation Plan pro- ber of en route sectors in an effort to improve
vides a comprehensive grouping of recommenda- current controller productivity, improve traffic
tions and is the basis upon which the benefit and flow efficiency, enhance current automation
cost identification and quantification is made. capabilities, and assist in positioning the air
Of the twenty enhancement areas identified to traffic control system for future technological
date, the Airport Radar Service Area (ARSA), improvements envisioned in the NAS Plan.
Air Route Traffic Control Center (ARTCC)
Resectorization, and Random Routes aspect of The primary quantified benefits of resectoriza-
the area navigation (RNAV) Integration En- tion are avoided controller labor costs and at-
hancement Areas have been evaluated to deter- tendant avoided equipmentcosts. These are esti-
mine benefit-to-cost ratios, mated based on a reduction of 135 sectors and

are expected to continue until 1990. Benefits
Each enhancement area is broken down into are estimated to total $303 million in dis-
quantifiable benefits and costs which are then counted 1983 dollars.
individually evaluated. The results of this step
are then aggregated so as to compare benefits The costs of resectorization have already been
and costs for the area as a whole. incurred and are comprised mainly of labor

[1
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hours for implementation. The total cost is Based on fleet makeup, size, and increasing .
estimated to be $12 million in discounted 1983 rate of RNAV utilization, this reduction is es-
dollars. timated to total $1.547 billion in discounted

1983 dollar benefits for the 17-year period to
The benefit-to-cost ratio of the program is esti- 2000.
mated to be 25.25 to 1.00, exclusive of intangi-
ble benefits to the system arising from the pro- Costs include program development, controller
gram. and pilot training, and RNAV avionics. To-

gether these costs are estimated to total $676

RNAV INTEGRATION: RANDOM ROUTES million in discounted 1983 dollars through
2000.

RNAV Integration is a broad enhancement area,
elements of which are scheduled for implemen- The estimated benefit-to-cost ratio (low order)

tation as late as 1988. The Random Routes as- for this Enhancement Area is 2.29 to 1.00.

pect of this enhancement area is evaluated in
this report. Figure 1 presents a summary of these estimated

enhancement area benefits ane costs. Note that

The Random Route aspect of RNAV Integra- these three areas combined iepresent a net cost
tion is a set of activities directed toward en- avoidance/savings of $1,202.6 million.
hancing pilot use of, and controller ability to
accommodate, increased random area naviga- Future semi-annual updates of this document
tion in flight, will evaluate additional enhancement areas lead-

ing to an ultimate ratio for the entire program.
The primary benefit from undertaking such A tabular summary of the enhancement areas
actions will be reduced fuel consumption. quantified to date is presented in Appendix A.

ARTCC RESECTORIZATION ARSA
*IN13M

1982 1990 1963 1992

BENEFITS

RANDOM RNAV ROUTES e COSTS

112M

.o4

0

103 2000
BENEFIT/COST RATIO - 2.0011

REPRESENTS $1,202.0 MILLION COST AVOIOANCE/SAVINW

Figure 1. Summwy of Oumfied Enhenewm Are Bewfits nd Costs
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CHAPTER 1
INTRODUCTION

The National Airspace Review (NAR) is a coop- without the plan were estimated to reach $2
erative venture of the aviation industry and billion per year more than with the plan.2

government. Using a synergistic approach, the Similarly, the NAR has undertaken to provide
NAR is comprehensively reviewing air traffic the near term equivalent of the NAS Plan: ac-
control procedures, flight regulations, and air- commodating user demand and constraining
space for the purpose of validating the current costs through operational and regulatory im-
system or identifying near-term changes which provements to the Air Traffic Control (ATC)
will promote greater efficiency. Asa component system. The NAS Plan is specifically geared to
of the National Airspace System Plan (NAS accommodate NAR task group recommenda-
Plan) the NAR will provide the operational tions3 and consideration of the NAS Plan in
framework for moving into the next generation NAR task group recommendations has been
National Airspace System. assured through participation by NAR Program

Management Staff (PMS) representatives in
Since its inception in 1981, the NAR Program task group meetings.
has operated with a small staff developing ap-
proaches to problem identification, task group Consistent with the NAR Program objectives,
meeting organization, special analyses, and im- and with over 600 recommendations now for-
plementation of recommendations. With the mally developed, there is a need for an assess-
assistance of Engineering and Economics Re- ment of the program's benefits and costs, both
search, Inc., the staff has planned and imple- as to its immediate effects and as the program
mented over 40 task group sessions, the mem- progresses. As a first step in this assessment pro-
bership of which has been comprised of various cess, it is important to categorize recommenda-
aviation, military, governmental, and labor tions so that groups of recommendations that
organizations. These task groups have generated are interrelated are assessed as a whole and so
over 600 recommendations for enhancements that a better understanding of the types of bene-
to airspace, flight regulations, or procedures. fits and costs that might be realized may be
Validation of many aspects of the current sys- obtained.
tam has also taken place. Despite changes to
the NAR alenda and adjustments necessitated A classification approach that has been devel-
by some task group recommendations and other oped within the NAR Implementation Plan4 is
special requests, the NAR Program has remained
within budget in each year of operation. 1U.S. Department of Transportation, Federal Aviation Admin-

istration, National Airspae System Plan, April 1983, Execu-

The National Airspace Review is directly related tive Summary.

to the NAS Plan. The NAS Plan was developed 2lbd., chart pg. 1-38.
in response to the "compelling problems of how
best to accommodate spiraling demands for 3Ibid., Executive Summary.
aviation services, constrain costs, recast the re-
quired technical framework, and deal with aging 4U.S. Department of Transportation, Federal Aviation Admin-

facilities."1 In short, the plan was undertaken Istration, NAR Implementation Plan, January, 1983, pg. 1-1.

because expected future system operating costs (Hereinafter. Implementation Plan)

3



the System Area/Enhancement Area classifica- Updates are currently scheduled to occur semi-
tion. This approach groups recommendations annually.
with a focus on the results of their implementa-
tion and also largely parallels the NAS Plan or- The remaining chapters cover methodological

ganization. Moreover, this classification ap- approach (Chapter 2), the ARSA Enhancement

proach provides a comprehensive overview of Area (Chapter 3), the ARTCC Resectorization

the expected outcome of the NAR Program and Enhancement Area (Chapter 4), and Random

will be used to guide analysis of the benefits Routes within the RNAV Integration Enhance-

and costs of NAR recommendations. To date, ment Area (Chapter 5). The appendices follow-

* twenty enhancement areas have been developed ing the report contain the detailed information

to fully contain all current NAR recommenda- upon which this benefit-cost analysis relies in

tions. part.

This benefit-cost analysis is one of three reports
that should be read together. Along with the

This report presents analyses of the Airport NAR Implementation Plan, this report is built
Radar Service Area (ARSA) and ARTCC Resec- on the foundation laid in the NAR Interim Re-
torization Enhancement Areas, as well as an port and should be read in that light. More ex-
analysis of the Random Routes aspect of the tensive information on the NAR Program, its
area navigation (RNAV) Integration Enhance- structure, process, and implementation time-
ment Area. Additional enhancement areas will table may be obtained by reference to these
be analyzed in future updates of this report. other reports.

.r4..
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CHAPTER 2

ANALYTIC METHODOLOGY

INTRODUCTION COSTS

The process of analyzing the benefits and costs Costs associated with the development and im-
of NAR enhancement areas begins with defining plementation of NAR enhancement areas in-
what an aviation-related benefit and cost is and clude those arising from operation in the result-
then evaluating each enhancement area based ing revised ATC environment. These costs have
on these definitions, been captured by conceptualizing NAR en-

hancement area implementation activities in
BENEFITS terms of their "life-cycle" effects. It is generally

considered that life cycle costs fall into four
A NAR enhancement area benefit is one that main categories: 5

improves overall system operating efficiency,
increases capacity, reduces delay, or increases 1. Research and Development
safety. These types of benefits constitute the
broad categories within which the benefits of 2. Investment (Project Start-up)
the NAR Program recommendations are evalu-
ated. They are assisting in the identification of 3. Operations and Maintenance
the specific benefits which can be expected to
be realized in each NAR enhancement area. 4. Termination
Examples of benefits that fall into each of these
categories include the following: The NAR Program and its enhancement areas

will be evaluated primarily by utilizing the first
" Safety Increases three of these four areas as the general basis for

cost identification. Termination costs are nor-
- Reduction in midair collisions (MACs) mally only associated with capital- or equip-

ment-intensive undertakings. The NAR is pri-
* Capacity Increases/Delay Reductions marily concentrated on non-capital intensive

improvements, and thus termination costs are
- VER separation standards changes in very unlikely to arise. Task group costs, near

ARSAs allowing reduced VFR delays term project design/initiation costs, and imple-
in ARSAs mentation costs borne by FAA are included in

the research and development category.
" System Efficiency Increases

It should be noted that these life-cycle costs
- Fuel savings from increased random area are not in all cases fully chargeable to the NAR" navigation (RNAV)

- Enhanced controller and system effec- 5u.s. Department of Transportatlon. Federal Aviation AdmIn-
tiveness due to ARTCC sector boundary stration, Economic Analysis of Investment and Regulatory
realignments that more accurately fol- Decsons-A Guide, Report No. FAA-APO82-1, January,
low major traffic flow patterns 1982, Chapter 4, pg. 4.6.

5
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or to implementation of the recommendations group studies, and proposed action notices,
that constitute a particular enhancement area. and encourages the identification of prob-
Many activities, projects, and new initiatives are lems and responsive near-term system ad-
constantly underway within FAA. Invariably, justments.
some actions necessary for one initiative will
assist in achievement of another. It is felt that 0 The NAR Program provides up-to-date
some activities necessary for implementation of documentation through Advance Informa-
NAR recommendations would be undertaken tion Packages, task group minutes and staff
in any event and that, therefore, some of the studies, and implementation studies.
NAR implementation costs should properly not
be charged to the NAR. While not measured here * The NAR Program enhances effective and
explicitly, such cost considerations are never- integrated communication across func-
theless important in the final decision-making tional lines among all FAA entities.
process.

0 The NAR Program provides an efficient
INTANGIBLE BENEFITS AND COSTS forum in which concepts and proposals can

be considered and tested to estimate their
Intangible benefits and costs arising from im- feasibility, potential impacts, and user/
provements to the system should be considered provider reaction.
-those for which meaningful dollar estimates
cannot be generated. In particular, intangible The following benefits arise from planned use of
benefits fall generally into the category of sys- expert contractor support:
tem efficiency improvements. For instance, -
benefits such as improvements arising from * Corporate memory and centralized docu-
regulatory simplification or elimination are mentation and data for system adjustments
mainly intangible. Elimination or simplification and tailored responses to user/provider in-
of a part of the Federal Aviation Regulations quiries
(FARs) does not usually provide quantifiable
time or labor savings but might, nevertheless, * Accurate reporting/documentation of sys-
ease the burden of study and education required tem needs and viewpoints of both users and
of pilots operating in the NAS. Such benefits providers
should be considered in an overall judgment of I
a given project or activity. 0 Objectivity in the conduct of special

studies or further analysis and evaluation
A variety of intangible benefits are being, and of recommendations
will continue -to be, realized as a result of the
NAR Program. Because these are not specific- * Responsiveness and timely accomplish-
ally assignable to any particular enhancement ment of tasks
area, but rather are associated with the NAR
Program generally, they are listed here to be Intangible costs of the NAR are largely limited
considered as part of each specific NAR project to the value of those forgone opportunities for
or activity. application of time and material resources to

other projects that have been instead committed
SThe NAR Program is an effective vehicle to the NAR. Based on a review of major proj-
for user/provider communication. Through ects or programs currently underway or planned
a comprehensive review/analysis of the cur- at FAA, resources committed to the NAR are
rent system, it affords timely, efficient, and not hampering implementation of any other ."'-. -'

coordinated Input to the review plan, task major project or program.

h
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..v,; ,MEASUREMENT APPROACH creased user satisfaction (for those currently

i..1J
using Terminal Radar Service Areas (TRSAs)),

The measurement of benefits and costs directly, user 'satisfaction' might best be measured in
especially of items such as efficiency, is not in terms of reduced delays in traversing such areas,
all cases a straightforward undertaking. For better information on traffic (reduced hazards
some benefits and costs substitute measures or reduced separation requirements), and other
must be found which can more readily be ex- quantifiable concepts rather than 'satisfaction'.
pressed in quantitative terms and aggregated
with other, direct benefit and cost measure- An additional determination required at this

ments to produce overall benefit-to-cost ratios stage is that of the appropriate time period over

for NAR enhancement areas. which benefit and cost streams should be as- I
sessed. This depends in part on the NAR Imple-

As the first step in this process, the NAR rec- mentation Plan,6 and the anticipated timing-
ommendations were grouped into identifiable related system improvements identified in the
and homogeneous sets. The System Area/En- NAS Plan, both of which provide indicators of
hancement Area classification in the NAR Im- appropriate enhancement area implementation
plementation Plan has been used for this pur- timing.
pose. This classification contains the Model B/
Airport Radar Service Area (ARSA), Air Route Once effects are identified, classified as benefits
Traffic Control Center (ARTCC) Resectoriza- or costs, and have dollar estimates assigned to
tion, and the Random Routes aspect of the them, aggregation of benefits and costs by En-
RNAV Integration Enhancement Areas treated hancement Area by year proceeds. Once this
in this report. Each of these activities is the cul- aggregation is done, a discount factor is applied
mination of a NAR-related activity or set of to each year's benefits and costs (assuming 1983
recommendations. Although this grouping basis as the current year) based on the Office of Man-
provides meaningful sets of recommendations, agement and Budget, OMB Circular A-94, sug-
it should be noted that, in several cases, recom- gested ten percent per year discount rate.
mendations have fallen into more than one en-
hancement area; thus, measurement of costs on Following application of discount factors, the

an enhancement area basis-rather than on a total present value of benefits and costs for each

recommendation-by-recommendation basis- enhancement area is determined and is used to

will lead to some overestimation of costs be- generate a benefit-cost ratio for that enhance-

cause of the double counting that must occur. ment area. Figure 2 provides a schematic dia-

The degree to which double counting occurs is gram of the process used to develop these mea-

not currently considered large and is not high- sures and perform the analysis.
lighted in this report. This analytic methodology is applied in this re-

The next step in the evaluation of benefits and port by developing quantitative scenarios, and

costs is the identification and listing of the ef- estimates of the benefits and costs, for ARSA
Sfects of each identifiable project that may implementation, ARTCC Resectorization, and

"'* " evolve out of each enhancement area. This pro- the Random Routes aspect of RNAV Integra-
cess of identification proceeds at the same time tion.
as units of measurement are identified. The
exact definition of effects depends upon the TASK GROUP MEETINGS
chosen measurement unit and ice verse. This
process of repeating steps is continued until a As a preliminary matter, each enhancement area
satisfactory and complete representation of involves, as a cost, the occurrence of task group
benefits and costs is achieved for each enhance-
ment area. For instance, though Model B/ARSA op. cit., Implementtdon Plan. See timing charts for each En-

airspace might contribute significantly to in- hnemot eAm.
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National Airspace Review Advisory Committee
ARRMGENAR (NARAC) member costs include estimates of
BEACEMEN T -rnO

REAN=W. pre-meating reviews of Advance Information
Packages (AlPs), other preparation for task

S - -group meetings, participation during meetings,
.IST EF'E-- AF BE" I  correspondence with associated membership

LI EFFECT AS BENEFIT

iRIEOMENDATOF ORCOF; IOENTuIT following meetings, and review of post-meeting
--- -- -- -- -- -- - - reports.

AG REGAST SNE- Technical support provided by Engineering and
FITS AND COXSBY

ENHANCEMENT Economics Research, Inc., includes preparation
AREA

of all materials used before and during task

A oY DISCOUNT group meetings, preparation of daily summary
tRATETO AGGREGATS.

OBTAINPRESENT minutes, preparation of all staff studies, and
ORTH other post-meeting technical support which

includes classifying recommendations, review
AGGREGATE BENEFITScorcin -"sudef

& COSTS FOR ALL ARE and correction of staff studies, entry of new
TO YIELO BENEFITauo te

TOCOST RATIO recommendations into the automated tracking
system and oversight of enhancement areas im-
plementation.

Figure 2. General Methodologiml Approach to Analysis
of NAR Benefits and Costs Related NAR Staff activities includes all costs

that are overhead to task group meetings in-
meetings. ARTCC Resectorization does not in- cluding travel, briefings, and presentations 0
clude these costs because its costs were incurred supporting the NAR Program and process
prior to the advent of the NAR task group meet- generally.
ings. Because the costs of those meetings will

, generally be a relatively small percentage of F21,40

overall enhancement area costs, a representa- NARAC MEMBERS 21,500

tive average has been developed for the costs of TECHNICAL SUPPORT 45,300

a single task group meeting. These costs, shown RELATED NAR STAFF S00

in Figure 3, incorporate estimates of the labor ACTIVITIES

and travel expenses for each category of TOTAL $94.300

organization and cover the entire task group FIGURE 3AR PROGRAM AND TASK GROUP

meeting process from initial planning through MEETING COSTS(1 0 DOLLARS)*

staff study, including briefings, presentations *SEE APPENDIX FOR DETAILS

and disposition of recommendations that may
be associated with the meeting's subject matter. Figure 3. NAR Program and Task Group Meeting Costs
In addition, overhead costs, not specifically (1983 Dollars)
chargeable to task group meetings are included
in this overall average costs of task group Where the recommendations for a given en-
meetings. hancement area indicate that several task group

meetings have contributed to the evolution of
FAA costs incorporate labor and travel associ- that area, a judgment has been made as to the
ated with pre-meeting materials preparation, aggregate number of task group meetings asso-
conferences with prospective task group chair- ciated with each. In addition, this approach
men and technical support personnel, actual task allows greater facility in charging partial task
group meeting activities, and a variety of post- group meeting costs to one or more enhance- .
meeting documentation. ment areas.

8
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CHAPTER 3
AIRPORT RADAR SERVICE AREA (ARSA)

SUMMARY enced by VFR aircraft in entering ARSA air-
spce (due to the new two-way radio communi-

The ARSA concept involves restructuring the cations requirement), those experienced by all
airspace around some airports currently desig- aircraft (during peek hours) due to arrival se-
nated as Terminal Radar Service Areas (TRSAs). quencing, and those experienced by VFR air-
The concept, developed during NAR Task craft prior to departure as a result of the ARSA
Group 1-2.2, is now undergoing operational departure clearance requirement.
confirmation at two sites (Columbus, Ohio, and
Austin, Texas). Total estimated benefits and costs are presented

In Figure 4, both on an annual basis and in the
The scenario used here assumes that the ARSA aggregate. The ARSA benefit-cost ratio is esti-
concept will be applied, over time, to 139 cur- mated to be 1.92 to 1.00 based on these as-
rent TRSA sites and that its effects will last sumptions.
until 1992. Benefits examined include a reduc-
tion in mid-air collisions (MACs) and a reduction An intangible benefit arising from the ARSA
in delays experienced by VFR aircraft, during concept is the clarification of pilot and control-
off-peak hours, due to the reduced separation ler responsibilities and, probably, easing of pilot
minimums in ARSA airspace versus that in education (especially among student pilots) due
TRSAs. Costs include delay increses experd- to the simplicity of the concept.

COSTS n .

70-
13- 1

12- 0

11- so-

10- s0-

ANNUAL *- MILLIONS 4S.

TOTAL F O.
IMILLIONS DOLLARS

OF 7- 5"

DOLLARS) S- 30-

S- 25-

4- 20-

2- is-
2- 10"

i910 102 CUMULATIVE
TOTAL

rFigue 4. Suinwy of Amnl and Ovall ARIA Bnefit nd mCo (Dboewd 1383 Diknr)
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INTRODUCTION quencing uelays, and delays due to the ARSA .'
mandatory communications requirement. The ..

Implementation of the ARSA concept involves primary source measures for the APO study
the restructuring of airspace around many air- were controller interviews (for delay estimates)
ports currently designated as Terminal Radar at the operational confirmation sites and an
Service Areas (TRSAs). Instead of the current APO-developed regression analysis linking
TRSA voluntary participation, aircraft will be ARSA-avertable MACs to traffic levels at TRSA
required to maintain two-way radio contact with sites.
ATC while within the ARSA core area (within
five nautical miles of the airport tower, fromthe urfce o 400 eet eigt aoveairort The delay measures used in the APO study havethe surface to 4000 feet height above airport b e eg td a d a pid t l R A c ni
(HAA), and from five to ten nautical miles out bee wite n d a d to algrsA anai-whil bewee 120 an 400 fet HA).All date sites in this study, and the regression anal-while between 1200 and 4000 feet HAA). All yi eai n h p h s b e p le i e ty t
aircraft operators arriving at an ARSA airport ysis relationship has been applied directly to
are required to participate in arrival sequencing, projected traffic volumes at all ARSA candi-
but VFR separation minimums are reduced dates to yield aggregated benefits and costs.
within the airspace core. All aircraft departing
from ARSA airports are required to obtain a Following performance and evaluation of the
departure clearance. ARSA concept at Columbus, Ohio, and Austin,

Texas, it is assumed that FAA will proceed to
The ARSA concept was primarily developed implement ARSAs at all existing TRSAs. For
during NAR Task Group 1-2.2 and is currently purposes of scenario definition, this study as-
undergoing an operational confirmation at two sumes that 28 will be implemented in 1985, 45
sites (Columbus, Ohio, and Austin, Texas) prior more in 1986, and a final 64 in 1987. Overall,
to expanded application. In support of this it is assumed that 139 ARSAs will be in opera- 0
operational confirmation, the Office of Aviation tion by mid-1987, and that their operational -

Policy and Plans (APO) has prepared an eco- effects will be largely expended by 1992. This
nomic analysis for the two sites involved. 7 The limitation to 1992 is based on the expectationbenefitcost analysis presented here is based on that other activities, improvements, and air-a modified extrapolation of this APO wo space or procedural changes will occur betweennow and 1992 due to other NAR recommenda-

tions and NAS Plan implementation. These
The APO study identified the principal benefits actions are expected to substantially improve
from ARSAs as being a reduction in midair colli- aircraft tracking and collision avoidance capa-
sions (MACs) and a decreased VFR separation bilities. As a result, it is felt that no ARSA-
standard which will lead to reduced VFR delays dependent benefits will be distinguishable after
in non-peak hour arrivals. The study identified 1992. The benefit and cost stream is therefore
the principal costsas including training and edu- stopped in 1992 and a benefit to cost ratio
cation, departure delays for currently non-par- determined for that date.

14 ticipating VFR aircraft, peak hour arrival se-

BENEFITS

7 U.S. Doeartment of Transportation, Federal Aviation Admin- As indicated in the APO study, the primary,
istration, Reguletory Evaluation of Notice of Prposed Rule- measurable benefits from implementing ARSAs
reking to Implement an Airport Radar Serice Area at are expected to be a reduction in mid-air colli-

Columbus, Ohio, and Austin, Texas. Office of Aviation Policy
and Pies, Regulatory Analysis Branch. July 13, 1913. (Here- sions (MACs) and an operating cost savings from
Inefter Regulatory Analysyl). reduced separation minimums. "-' ,

10
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.. I Avertable MACs a depiction of average operations per
ARSA assumed for the analysis presented

The APO study (hereinafter "regulatory analy- in this report. This average appears to drop
sis") provides the following description of its after 1984 and then rise in later years be-
assessment of ARSA-avertable MACs.a  cause the first year average is based on

Austin and Columbus and both have well
"The FAA conducted an extensive review of above average annual operations. The in-
MAC accidents that occurred during the period clusion of more candidate sites in later
from 1978 to 1982. Data were derived from years lowers the average which then rises
National Transportation Safety Board (NTSB) consistent with the five percent traffic
accident reports and the FAA Accident/Inci- growth assumed for this analysis.
dent Data System. The FAA considered only
those MAC accidents which occurred within "When scaled to an annual basis by a scaling

roposed ARSA airspace at the 136 airports factor of 4.5 to account for activity growth over
(n of July, 1963) which employ TRSA services the five year period, the ARSA collision formula
and in which at leat one operator was not becomes:
communicating with ATC or the midair oc-
curred becaue one operator did not receive
arrival sequencing." The FAA projected the 0.12 ni So
number of MACs that would have occurred in C - = .027n1 °

the proposed ARSA airspace over the five-year
period. *0*

"A regression analysis was developed which pro-
vides an analytic expression of the average mid- The costs of a MAC include damage to the air-

air collisions in proposed ARSA airspace per air- craft, the value of lives lost and the cost of in-

port providing TRSA services from 1978 to juries. The average weighted cost per general

1982, as a function of average aircraft opera- aviation MAC accident in 1983 dollars is

tions per airport, on the basis of calendar year $1,644,000." 9 This dollar amount is derived

1982 operations... The five year collision esti- by considering such factors as different types

mator is in the form C = anb where: of GA aircraft, average numbers of occupants
that fly on these aircraft, probabilities that rele-

0 'C' is the average number of MACs occur- vant costs will be incurred, and distribution of
ring in proposed ARSA airspace per TRSA hours flown by aircraft type.

airport over the period of January, 1978,
to December, 1982; Utilizing the equation developed by APO, 1982

air traffic activity at TRSAs,10 and the asump-
'a' and 'b" are the coefficients which tion of an annual five percent increase in traffic

yielded the least error between the actual

and estimated number of collisions;
80,. ct., Aeu/ ,,4tr 'Anl yae, pp. 8-11.

* 'n' is the average number of aircraft opera-

tions per TRSA airport in 1982 in units of 900. ct., RftwltoryAnely/s. pg. 26, Table 2.

100,000 had the ARSA been implemented
(local, Itinerant, plus an additional average 0se u.s. Department of Transportaton. Federal Aiation
estimate of 10% of local and itinerant to Adlnistraton, Armen. Intom on AtnuI. Paragraph

account for additional operations handled 168, DOerner 12, 1982. pg. C4-S1-11. and U.S. Deartment
,ATC infor adnalA). Fiurer5tovde of Transportation, Federal Aviation Administration, FAA

by ATC In an ARSA)." Figure 5 provides AirTnffl Activity, Sptwnber, 1982, pp. 1645.

11
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MAC reduction-related dollar benefits have -"V
2 been derived. These benefits are displayed in
• =" \Figure 7.

"OIAI 1.205

OFERATIONS .l
paR ARM A 140-

1 1RA I10

SiH m CU MU)LATIVE 1 .
AAVVWR

YEAR -- 0 MN NMILLIONS 70-

00-

1M_

Figure 5. Average Operations Per ARSA by Year '

20.

activity at potential11 ARSA sites, an average 116 1

value for avertable MACs per ARSA site per
year was developed. The discrepancy between
the 4.5 percent traffic growth factor used to Figure 7. Cumulative Dollar Savings from MAC
estimate ARSA-related MAC reductions and the Reduction (Undiscounted)
five percent used for future activity growth
arises from the fact that the actual growth
trend at the surveyed potential ARSA sites was Reduced VFR Separation Minima
4.5 percent for 1978-1982 whereas the five per-
cent future growth factor is a projection. Based The regulatory analysis described benefits from
on this analysis and the scenario described reduced VFR separation minima as follows: 12  "

above, the total MAC reduction anticipated
4 from an ARSA program is 83. Figure 6 depicts "Certain VFR operators should experience

the cumulative total of averted MACs projected some savings in arrival time as a result of the
for the ARSA program on a year by year basis. proposed reduced separation minimums (1 1/2
• - iles to approximately 400 ft. horizontally)."

Utilizing the annual MAC reduction figures and ms o estimately 400 ft horonala.
Based on estimates by local ATC personnel at

the APO-developed MAC cost of $1,664,000, the two operational confirmation sites, this
_ _-_-_ _ _ _proposed rule would, using a straight-line aver-

age,13 save 60 operators one minute per opera-
tion, per day, three days per week. If this esti-
mate is applied at each ARSA site, then 9360

AVERTED flights per year per ARSA site would benefit
M, by one minute of reduced delay. Because the

program begins with only two sites and then
1. increases to 30, then 75, and finally 139, the

delay reduction benefit appears to decrease
YEiA

Figure 6. Cumulative Reduction In MAC at ARSA 1216d.

13Estimetes at the two sites differ slightly. For purposes of
this analysis, a straight-line average Is applied for all poten-

-p.cit., Ragularo An.Ialipp. 11-12. Val ARSA site.

12



-.. dramatically in the first few years and then Total ARSA Program benefits were derived by
•.:,-.;v flatten out in later years. Later year increases combining the two cost savings just described.

in the benefit arise from increased traffic activity This total was then discounted in conformance
alone. This is shown in Figure 8. with OMB Circular A-94 to yield a present

worth in 1983 dollars. Based on this method-
ology, the total discounted value of ARSA pro-
gram cost savings is $84.5 million. This is de-
picted in Figure 10.

DELAY 21-

OF HlOURS; IS- t-
12-1D.
9- 1W

I- 140-

120,

RoIo. _______1___________________1_________

116 ~ MILLION 10

YEAR -- OF 100
DOLLARS

IF
JW

Figure 8. Reduced Delay in ARSAs (Due to Reduced U

VFR Separation Minimums)

APO estimates that the average variable opera- REDUCED REDUCED TOTAL DISCOUNTED
DMLAY MACS COST COSTting cost (VOC) (private pilot/crew time, fuel "VM, AVINOS

and oil, and maintenance) of a general aviation
(GA) aircraft is $89.94 per hour.14 Based on Figure 10. Total Discounted ARSA Beefits
this figure, total hours saved, and the five per- F 1Tt Ds
cent traffic increase already noted, total VFR (
separation reduction savings were developed
and are depicted in Figure 9.

COSTS
Is.

The costs associated with implementation and
operation of ARSAs fall primarily into five

LR ,categories.
• ILLU EU

* Costs incurred in development of the
NAR Program, and in particular, arrange-

yam ment and convening of Task Group 1-2.2,

which developed the ARSA concept andparts of other task group sessions that
Figure g. Cost Savings from Reduced Delays made limited inputs to the concept.

In ARSAs (Undiscounted)

* VFR departure delays expected to affect
certain types of general aviation operators
not currently participating in TRSAs.

141bid. And see U.S. Department of Tmrnportation, Federal
Aviation Administration, Economic Volue For Evaluaton 0 VFR arrival sequencing delays occurring
of Federal Aviktion Adminlatratlon Invmstment end Ru- during peak hours as a result of ARSA
seioy Promgma, Report No. FAA-APO41-3, September,
1981. mandatory sequencing requirements.
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" VFR delays occurring as a result of the delay that will be experienced due to depar- *-.

requirement for ATC permission to enter ture clearance requirements as well as for
an ARSA. arrival sequencing and ARSA entry require-

ments. The delays shown are both cumulative
" Federal government costs associated with and additive, with each type of delay repre-

the initial operational confirmation and sented by the space between the lines bounding
training/education at each ARSA site. its label.

Each of these cost elements is detailed below "FAA assumes that these are mostly general
and in the accompanying figures. Total dis- aviation operators and, on the basis of local
counted costs for the ARSA Program are esti- ATC personnel estimates, that the mix of air-
mated to be $43.9 million, craft flown by these operators is 50% - 30% -

20% for single engine piston (SEP), multi-engine
The APO study describes the following costs.15  piston (MEP) and turboprop (TP), respectively.

Furthermore, FAA estimates the value of time
Task Group Meetings to operators of SEP, MEP and TP aircraft in

1983 dollars is $21.56, $40.66 and $179.82
In addition to the entire session of Task Group per hour, respectively. These estimates are
1-2.2, one-half of the sessions of Task Groups based on the assumption that operators of SEP
1-2.3 and 1-2.4 concentrated on issues asso- aircraft are private pilots, while operators of
ciated with this concept. As a result the total MEP and TP aircraft are salaried crew pilots.
task group meeting related costs of the ARSA FAA believes that assuming the pilots of MEP
concept are $188,658. and TP aircraft are salaried crewmembers

overstates the actual cost impact. On the basis
VFR De ture Delay of these values of time cost factors and mix of '-."-

aircraft flown by these operators, the average

"On the basis of previously provided Stage III weighted GA operator value of time per hour
TRSA services, it has been estimated by air is m95.ate  Figure 12 presents an overall
traffic controllers that 33 percent of opera-
tors departing VFR would not participate in total hours and operator value per hour.

the full ARSA departure services if voluntary.1

FAR Part 91.87 already requires that operators VFR Arrival Sequencing Delay/Peek Hours
departing an airport traffic area maintain two-
way communication with ATC. The new addi- "Certain VFR operators could experience some
tional requirement imposed by the ARSA is delay during ATC peak hour operations result-
that these VFR operators would be required to ing from mandatory arrival sequencing require-
contact clearance delivery for a departure fre- ments. While these operators would benefit
quency and departure code. The time for an
operator to contact clearance delivery is esti-
mated to be 1 minute. This would not impact
IFR operators because they are already re- 150P. clt., Regulatory Anelypp. 15-21.

quired to contact clearance delivery." It is
estimated by local ATC personnel at the two 16 Thirty-three percent Is an aerage of the figures for Austin

operational confirmation sites that, based on and Columbus.
a straight line average,1 7 66 VFR departures
per day (33 percent of 200 daily VFR depar- sea footnote 13.
turns), per ARSA will experience this one
minute delay. Figure 11 displays the hours of '80p. cit., Rerm Analvs ./-..

I" 14



* .. ',%y\ entrance into the ARSA when ATC handling of
SEW arriving traffic is at capacity." Estimates byI VFR

SW 04LAY local ATC personnel at the two operational con-/o firmation sites indicate that, on the average,2 1

50 operations per week will experience an aver-
UMLTIVo,, ow wage three minute delay before they are given

MHOUAND ,ATC approval to enter an ARSA.22 These de-OF Ma NlS 500 " S EU AYIN

Mo. DELAY lays and costs are also shown in Figures 11 and
30- 12.
no-

NFAA Education, Training Program and
IM Administration Costs

/~8 VFR DMVAfl JE

MW IMLAY

The FAA has undertaken an operational con-
YEAR firmation of the ARSA concept at two sites.

Costs for supporting this activity in the form of
study design, data collection, and evaluation

Figure 11. Cumulative Deay Incews Due to ARSAS are expected to total approximately $500,000.

In addition, the FAA will incur initial one-time

,1W only costs to train local FAA facility managers'
staffs and conduct meetings with local airmen
to explain the ARSA concept. The initial non-

C-MILAYIVE recurring costs relating to this requirement
m . DELAY include personnel costs, travel, per diem, town

IARRIAL hall rental, letters to airmen, bulletins, etc., and

DELAY are approximately $20,000.23 Overall costs for
this training and education activity are pre-

Y,,-. sented in Figure 13.

Figure 12. Cumulative Cost of ARSA Dy A summary of ARSA Program costs is presented
(Undiecounted) in Figure 14.

from ARSA reduced separation minimums Overall, implementation of the ARSA concept

with time savings of approximately one minute, would generate an estimated $84.5 million in
they would experiene delays of pbenefits and $43.9 million in costs through2.5 wouldexporeargin lal approximately 1992. Based on these estimates, the benefit-to-

arrival sequencing cost ratio for the ARSA program is estimated
delay of 1.5 minutes per operation." This re-
quirement, based on estimates by local ATC to be 1.92 to 1.00 and is depicted in Figure 15.
personnel at the two operational confirmation
dte, would on the average 1' impact 60 opera- 19se footnote 13.
tions per day, four days per week.20 Figures 11
and 12 (above) provide a summary of these 2°o. ., ReitoryAalsis
delays and costs.

See footnote 13.

VFR Dey Encounter to Enter the ARSA
20.cit., R@#pwov Arulyal.,

4I "Certain VFR operators could experience some
' delay as a result of being denied immediate 23 0p. cit., Reolatory Anlysiv. pg. 20.
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INTANGIBLES"-

COS 2 An intangible benefit arising from the ARSA
LLIONS concept is the clarification of pilot and control-

ler responsibilities and, probably, easing of
pilot education (especially among student

YEAR -0 pilots) due to the simplicity of the concept.

Figure 13. Cumulative Costs of Training
and Education (Undiscounted)

BIENEFITS

DOLLARS 0

3I S40+ MILLION

1016

TRIfNN DELAYS TOTAL DISCOUNTED
AND COST TOTAL

EDUCATION COST

Figure 14. Total Discounted ARSA Costs Figure 15. Benefit-Cost Ratio of ARSA
(1963 Dollars) Enhancement Area .
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CHAPTER 4
ARTCC RESECTORIZATION

SUMMARY occur which would reduce required controller
numbers regardless of resectorization. A general

Among the earliest planned activities of the reduction in required controllers cannot be
NAR was an examination of a program to re- expected before some form of the Automated
align ARTCC sector boundaries to more closely En Route ATC (AERA) concept is imple-
reflect traffic flows, eliminate or reduce con- mented. This is not expected before 1990. In
flicts, enhance current automation capabilities, addition, a one-time equipment cost avoidance
level controller workload, and improve system of $70 million is anticipated.
capacity. This Resectorization Program began
prior to the NAR, however, due to the con-

prio totheNARhowver dueto he on- Primary quantifiable costs for the program in-
trollers' strike. Its implementation is now vir- Pra m dai le t, lor hors fortual ly complete. clude program development, labor hours for
timplementation, travel, and equipment. Most

Quantifiable benefits from the program are of these costs have already been incurred and

primarily labor savings arising from a reduction total approximately $12 million.
from 721 to 586 sectors (135 sectors elimi-
nated). The sector reduction translates into The estimated benefits and costs of the Resec-
$55 million per year in avoided controller torization Program are displayed in Figure 16.
salaries. This labor savings can be considered an The anticipated benefit-cost ratio of the pro-
annual savings as long as other events do not gram is estimated to be 25.25 to 1.00.

7- BENEFITS

70- COST 200-

66- 260-

so- 240-
S- 220-

ANNUAL 50- 200-
TOTAL - MILLIONS 180-

IMILLIONS 40 OF
OF LLARS 10
LRDOLLARS) 3L- 140-

30- 120-
25-00

20 g0-

10 40

20-

19412 1990 CUMULATIVE

YEAR - TOTAL

Figwe 16. Summery of ARTCC R2eoorzation Benefts and Costs by Year and Ovull
(Discounted 1963 Dollars)
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Intangible benefits from resectorization in- ;hortage of controllers caused by the 1981
clude: ;trike. Implementation of the resectorization

3rogram thus began in mid-1982 and is now
" an increase in overall system effectiveness iirtually complete. To date, all of the program's

arising from sector boundary realignments sector reduction and workload objectives have
that follow major traffic flows more been met. One-hundred thirty-five sectors (out
closely; of more than 720 originally) have been elimi-

nated. This has in turn allowed for the retire-
" laying groundwork for increased random ment of much of the expensive equipment

area navigation operations in the NAS; (Plan View Displays [PVDs] ) needed to sup-
port controller activities in each eliminated

0 an improvement in the balance of work sector. There has been a major equipment cost
placed on different versions of the NAS avoidance even though each ARTCC has re-
9020 computers which is enhancing the tained up to 10 extra sectors as reserves, and
working life of the overall computer sector boundaries have been realigned to accom-
system; modate a 30 percent traffic growth factor.

* more efficient metered traffic flows in Most of the Resectorization Program's costs
terminal areas; have already been incurred. Its benefits, how-

ever, can be expected to continue for several
" encouragement of en route metering more years until some form of the Automated

through realignments that recognize an En Route ATC program matures and is imple-
approximate 200 nautical mile radius mented. Assuming that this will occur in the
around major airports; early 1990's, the Resectorization Program is

assumed to cease to produce benefits and incur , -1
" encouragement of more fuel efficient costs in 1990. 0

descents through realignments that recog-
nize an approximate 135 nautical mile
radius around major airports; and BENEFITS

" increased en route safety and efficiency The primary quantifiable benefits of the
due to removal of sector boundaries from ARTCC Resectorization Program are costs
existing traffic conflict points, avoided in the form of reduced labor require-

ments (fewer controllers) and reduced equip-
ment (fewer PVDs) 24 Thus, for each of the

INTRODUCTION 135 eliminated sectors, the need for an average
of 11.7 controllers, at $35,000 per year, is

One of the initial objectives of the National eliminated. This totals $55,282,500 per year.
Airspace Review was an examination of a pro- Based on the assumption that these labor costs
gram to realign ARTCC sector boundaries to would continue to be incurred in the future un-
more closely reflect traffic flows, eliminate or less the Resectorization Program had beenreduce conflicts, enhance current automation implemented, they are assumed to be avoided
capabilities, level controller workload from annually until program termination in 1990.
sector-to-sector, and improve system capacity.

While the resectorization program was intended 24
to be the subject of the first task group meet- U.S. Department of Transportation, Federal Aviation Ad-

ministration, Air Traffic Service. AAT-300, memorandum
ings, its implementation was forced to begin summarizing estimated benefits and costs of Resectorizatlon

prior to the NAR program due to the severe Program; May 27, 1982. (Hereinafter "AAT-300 memo".)

18
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In addition, for each of the 135 sectors elimi- redesign, briefings, multi-level reviews and
nated, one PVD has been assumed to be elimi- implementation aspects of the program. Pro-
nated. Eliminated spares are ignored in this gram development, sector redesign, and national
analysis because of the additional sectors each and regional briefings and reviews were esti-
center has retained. Thus, 135 PVDs, at mated by Headquarters and regional ATC per-
$152,200 per PVD, are eliminated for a total sonnel to total 1,103 man-days. Implementation
equipment cost avoidance of $89,650,125 was further estimated, by the lead Resectoriza-
(approximately $70 million when discounted), tion Program ARTCC, to require from 44,000
Because the program has been phased in during to 66,000 man-days total. This wide variation
the past year, however, and will not fully realize is due to unpredictable differences in imple-
this avoided cost immediately, only 25 percent mentation workload from ARTCC to ARTCC.
of these avoided equipment costs are assigned Total travel, funded through the NAR budget,
to 1983, with the remaining 75 percent assigned was estimated at $74,000. Equipment costs
to 1984. These costs have not been spread over were estimated on a 1983 and 1984 basis at 25
the life of the program because, prior to resec- percent/75 percent, similar to the treatment of
torization, there was a recognized need to re- benefits. Preparation of new video maps was
place many of these units. Thus, avoided costs etimated at $500 per ARTCC and sector relo-
occur earlier in the program than they other- cation or reallocation at $8,000 per sector for
wise might. each of the 135 sectors.

Total discounted benefits are thus estimated to Total discounted costs are thus estimated to be
be $303 million. These benefits are illustrated from $10.3 million to $14.1 million with an ,.-
in Figure 17. average of about $12 million. These costs are

illustrated in Figure 18.
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Figure 17. Total Discounted ARTCC Resectortliron Figure 18. Total Discounted ARTCC Resactorintion
BnWfits by Year 11983 Dollars) Cosa (1963 Dollan)

COSTS

The primary costs25 associated with this pro- The benefit-to-cost ratio for ARTCC Resec-
gram are one-time-only and cover the sector torization is estimated to be 25.25 to 1.00,

assuming actual costs fall in the mid-range of
estimates (i.e., $12 million). This ratio is illus-

25Ib trated in Figure 19.
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boundary realignments that more accurately
reflect major traffic flows. Further intangible
benefits are expected from an improved balance
of computer workload assigned to different
versions of the NAS 9020 computers. This
should result in enhancing the useful life of the
computer system. In addition to these immed-" ~RATOO OF UENRTS lo co"$

,,WXV 1ELV3TO Iiate improvements, resectorization is intended
to begin preparing the entire airspace system

' for the advent of increased area navigation
caT (RNAV) operations. By reconceiving of the

system with the presence of RNAV, en route
metering, and other advanced automation, sec-
tors were designed to recognize both an approx-
imate 200 nautical mile and 135 nautical mile

Figure 19. Benefit-Cot Ratio of ARTCC Ram- radius around major airports and were aligned
torization Enhancement Ara to allow more efficient metered flows. Although

runways constitute the ultimate limit on air-
port capacity, these design objectives have
enhanced existing capacity to some degree.

INTANGIBLES• " The benefits anticipated from this program

The Resectorization Program was designed to myg a eodmr rdciiygis
work at more than one level and to respond to even though they may not be fully realized for
several, sometimes conflicting system require- several more years. The immediate analysis has
ments. In particular, overall system effective- concentrated on the more tangible, near term
ness is expected to increase as a result of sector productivity gains.

%'

2
h

SIo."

*. *4

- ~ * *~ ~ 20

- P' *%

- - ., - . **L. *.



CHAPTER 5

RNAV INTEGRATION: RANDOM ROUTES

e1983 dollar benefits for the 17-year period to
The Random Routes aspect of RNAV Integra- 2000.
tion is comprised of a set of activities directed
toward enhancing pilot use of, and controller Costs include program development, controller
ability to accommodate, increased random area and pilot training, and RNAV avionics. To-
navigation in flight. gether these costs are estimated to total $676
* million in discounted 1983 dollars through
The primary benefit from undertaking such 2000.
actions will be reduced fuel consumption.
Based on fleet make-up, size, and an increasing Figure 20 presents both annual and cumulative
rate of RNAV utilization, this reduction is totals for RNAV Integration.

low-
BENEFITS

COST -G 140

125

1200-

1000-

ANNUAL MILLIONS

TOTAL OF
MILLIONS DOLLARS

OF
- DOLLARS) 0 0-

400-

200-

S1990 20CUMULATIVEiiYEAR TOTAL

FIure 20. Summery of RNAV Integration Benefits and Costs by Year and Overall
Discounted 1963 Dollars)
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%I
The estimated benefit-cost ratio (low order) for BENEFITS
this aspect of the Enhancement Area is 2.29 to
1.00. Operation Free Flight suggested that fuel con-

sumption reductions of 2-3 percent could be
Intangible benefits of RNAV Integration in- expected from random RNAV route utilization
clude an eventual reduction in airway and in the NAS.28 Because the VOR/DME naviga-
route inspection/maintenance due to reduced tion system is to be maintained, thus assuring a
airways and routes in the NAS, and increased mixed RNAV and VOR/DME operation of the
pilot positional awareness. NAS, a forecast of the future RNAV-equipped

fleet and operational utilization of RNAV is
Intangible costs may include some additional required in order to estimate fuel consumption
effort by pilots, especially students, in order to benefits. Figures 21 and 22, showing RNAV
utilize an airspace system which permits a avionics equippage and utilization,29 were
choice among substantially different naviga- developed 30 to estimate these benefits. These
tional methods. projections take into account two anticipated

factors. Firstly, with the advent of the opera-
tional Global Positioning System (GPS) in

INTRODUCTION 1988, there will be a new incentive for aircraft

owners to acquire RNAV avionics, especially ifThe random routes aspect of the RNAV Inte- euipecotarresnb.Frhrmei

gration Enhancement Area is concerned ge- equippage costs are reasonable. Furthermore, it
gen- is assumed that RNAV avionics standards will

erally with those actions which will lead to the be fully developed and optimized for ATC sys-
expanded use by pilots of (and ATC capabil- ter integration in the early 1990's (1993) and
ity to accommodate) random area navigation that this will provide an additional incentive. 3 1

(RNAV) routings. The benefits of undertaking These two events are represented by discon-
such actions were indicated in Operation Free tinuities in the figures. In addition, there are
Flight 26 and are primarily fuel consumption two values for (GA) equippage and utilization.
reductions. Costs, on the other hand, will n- These divergent values are presented because of

compass NAR recommendation formulation, the lack of a clear indication regarding the de-
program development, controller and pilot gree to which GA owners/operators will move
training, and RNAV avionics costs. Because to RNAV despite the fact that recent manu-
no significant alternative to or burden on facturing trends seem to be placing more
RNAV use is anticipated in the forseeable emphasis on lower cost RNAV avionics. (It
future, and NAS Plan navigation projections can be assumed that, as costs for equipment
continue only to the year 2000,27 the benefit drop relative to any inconvenience arising from
and cost stream is taken to that year, beyond not having such equipment, equippage and
which no forecast is currently considered utilization will increase.)
reasonable.

26U.S. Department of Tnportation, Federal Aviation Ad- 28O0. cit., Operation Free Flight, pg. 1-3.
ministration, Air Traffic Procedures Division, Operation
Free Fig0ht, Final Report, Report No. FAA-AT-81-1, 2 o
July 1, 1981. Number of RNAV hours flown divided by totl operating

hours.

2U.S. Department of Defense and Department of Trans- 30E t e based on Hedquarters ATC persnnel Jug.
porttion, Federal Radlon lption Pian, Vol. 1. "Radio- mstimeenon effects.

navigation Plans and Policy," Report No. DOD.4650.4-
P-1 and DOT-T3C-RSPA.61-12-1, March 1982, pp. 1-24 31
to 1-64. Headquarter navds personnel judgment.
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RNAV fuel cost savings were calculated as fol.
lows. FAA 1982 Aviation Forecasts32 were col--- .--
lected for air carrier and general aviation fuel "
consumption. For the period from 1995-2000, &,uf-OL 1040• "# --p

a straight line extrapolation (approximately 3.5 O"
percent per year) of fuel consumption was
assumed as depicted in Figure 23. There is a
significant percentage of GA aircraft that uses A,,, ,
jet fuel; however, virtually no aviation gasoline '" -----------------------------------
is used by air carriers. The difference in total
civil fleet fuel consumption between jet fuel
and aviation gasoline, therefore, provides some Figure 23 Estimated Total Fuel CoMumption
indication of the differences in consumption Per Year (by Fuel Type)
between air carriers and general aviation.

($1 per gallon)33 or GA fuel costs ($2.05 per
gallon),34 as appropriate, to yield total annual

The percentages of utilization by year, by type and aggregate fuel savings. Total discounted
of operation, were then applied to these fore- benefits were thus calculated to be between
cast levels. An average of 2.5 percent fuel $1.52 and $1.55 billion dollars for the period
savings was then calculated, which in turn was 1983-2000. Figure 24 depicts these annual
multiplied by average air carrier fuel costs benefits.

HIGH ESTIMATE

400-

.MILLIONS
OF

DOLLARS

'-oo

-I;

2200-

YEAR

Figure 24. Total RNAV Integration Benefits by Year (Undiscounted 1963 Dollars)I 32 U.S. Oeparmtnent of Transportatlon Federal Aviation Ad- 3 3
1bid., pg. 21.

mninistration, FAA Aviation Forwonta, Fial Yerm 1983.

0114, Report No. FAA-APO-83-1, February 1983, pg. 54. 34Ibid.
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e1 0COSTS new controller curriculum (five additional hours
are estimated) and to re-train a significant per-

The cost elements" of Random Routes are. centage of controllers (45 percent) now in the
df4cibe inmr ealblwil. 36 These costs are estimated at approxim-

ately $30,000 per year throughout the program.
NAR Recommendiation Formulation/Program

Deveopment RNAV Avionics
4 .. 0NAR Task Group 1-3.1 developed the major The largest cost component associated with

recommendations which form this enhancement RNAV Integration is expected to be the costs
area. In addition to the task group meeting borne by airspace system users to purchase the
costs, FAA staff costs will be incurred in devel- ares navigation equipment necessary to allow
oping the ultimate program. These costs are random or direct RNAV operation. Costs in
estimated to total one hundred fifty thousand this category are based upon the tojuippage
doIllas estimates noted above for air carrier and gen-

eral aviation aircraft. The annual costs of
Controller Training RNAV avionics systems," by aircraft type, are

depicted in Figure 25. These costs are shown as
FAA personnel costs will be incurred in order an annual aggregation of general aviation, busi-
to enhance the RNAV segment in the current ness jet, and air carrier acquisitions of RNAV

too AIR CARRIER
170- GENERAL AVIATION

Ift- KMNJETS

AVWINS 120.
VILLIONS 11

DOLLAIM ft

41 0
NW11

Id i

* YEAR-.-

FgRem 25. Asmuel Cost of RNAV Avlonlas by Alrcmft Type fUndisountd 1363 Doars)

3U.S. Deprwtnn of Transportation, Fedemal Aviation Ad. 3 e sti int tinm we boned on discuselons with Headquarters
Iilnistration, kinWhsmenetfon of Area A h AT pruon
N*mnw A#frnpeuernuti, Find Report, FAA RD-76-i96,
Deremr 1676, Chap. 5. (Herlneiter RNA V Study.] 37O. cit, RYNA V Study"..
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avionics. The totals are not cumulative from
year to year.

Given the component costs, the total estimated
discounted costs for the Random Routes aspect IN$1141I,..o

of an RNAV Integration program are between
$538 and $676 million. These are shown in I OF,.ENFTSOCOSTS

Figure 26. ARXMTL 3T

II

INTEGRATION 6N7 MILLION

11310 LO
no-l ESIMAI~TE

WI IBIGTI -ns Figure 27. Benefit-Cost Ratio of RNAV Integration

OF MII. Enhancement Area
* to.

I-

411.

As can be seen the higher ratio is derived using
*- the lower values. This directly reflects the in-

-J" creasing gap between percent RNAV equipped
PROGRAM DEV. a AOOTIONAL

N..IN AVIONICS and percent utilization during the early stages
TRAINING of a random routes program. Indirectly, this

may reflect the probability that, as random 0
Figure 26. Total Discounted RNAV Integration Costs route utilization increases in the lower altitude

(1983 Dollars) strata, the benefits of reduced fuel consumption

are lower because aviation gasoline is signifi-
cantly more costly than jet fuel.

INTANGIBLES
Figure 27 graphically depicts the benefit-to-cost
ratio of 2.29 to 1.00 estimated for this effort. Intangible benefits of RNAV Integration in-

clude eventual reduction in airway and route
This benefit-to-cost ratio was calculated using inspection/maintenance due to reduced airways
the low cost, low benefit and high cost, high and routes in the NAS, and increased pilot in-
benefit as follows: cockpit navigational awareness.

low benefit - $1521 million = 2.83 Intangible costs may include some additional
low cost - = $538 million effort by pilots, especially students, in order to

utilize an airspace system which permits a
0. high benefit - $1547 million = 2.29 choice among substantially different naviga-

high cost = $676 million tional methods.

2% ..
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CHAPTER 6
____ OTHER ENHANCEMENT AREAS

Seventeen additional enhancement areas have and aggregated with the three areas already
been identified to date for categorization of developed to more accurately reflect NAR Pro-
recommendations. In subsequentupdatesofthis gram benefits and costs. These seventeen re-
report, these areas will be analyzed in detail maining enhancement areas are as follows.

Terminal Airspace System Structure

" Terminal Control Area (TCA) * Infrastructure
* Radar Services 0 International Interface

En Route * Airspace for Special Use
SAras e Military Training Routes (MTRs)! 0 Airways/Routes

* Flow Management Regulations and Standards

Flight Service System 0 Regulatory Simplification

0 Aeronautical Charts * Regulatory Elimination
o Flight Information Publications 0 Standards Development
* Weather 0 Separation Standards
e Flight Service Station 0 Handbooks

27
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APPENDIX A

SUMMARY OF CURRENTLY QUANTIFIED

BENEFITS AND COSTS
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FIGURE A-1.
SUMMARY OF CURRENTLY QUANTIFIED

ENHANCEMENT AREA BENEFITS AND COSTS

ACTIVITY DISCOUNTED BENEFITS DISCOUNTED COSTS NET BENEFITS

ARSA $ 84.5M $ 43.9M $ 40.6 M

ARTCC
Resectorization 303 M 12 M 291 M

RNAV Integration:
Random Routes 1,547 M 676 M 871 M

Current NAR Program
Total $1,934.5 M $731.9 M $1202.6 M

o PROGRAM Benefits = 1934.5 = 2.64 Benefit/Cost
PROGRAM Costs 731.9 Ratio of

Currently
Quantified
ENHANCEMENT
AREAS

NOTE: Net Benefits are discounted benefits - discounted costs.
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REPRESENTATIVE

TASK GROUP MEETING AND NAR PROGRAM COSTS
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FIGURE B-1.
___ NAR PROGRAM AND TASK GROUP MEETING

REPRESENTATIVE COSTS
(1983 DOLLARS)

FAA
Labor: L 4 People X $226.08/dy1 X 61 dys = $ 5,426
Travel:

0 2 People (from eastern half of U.S.)
at $400 round trip $ 800

0 Per diem $75/dy for 8 dys 600
(includes weekend) 1,400

Pre/Post Meeting Activities2 :
A 65 dys @ $226.08/day $14,695

Subtotal (FAA) $ 21,521

NARAC MEMBERS
Labor: 0 8 People X $2803 /dy X 6 dys 13,440

Travel:
0 1 person (from mid-U.S.) 500

at $500 round trip

* Expenses ($100/dy) X 8 dys 800
0 Local Travel at $.20/mi for

10 mi for 6 dys X 9 people 108
NARAC Travel (total) $ 1,408

Pre/Post Meeting Activities:

0 3 dys @ 280/dy 6,720
Subtotal (NARAC Members) $ 21,568

TECHNICAL SUPPORT $ 45,300

(Pre-meeting materials, daily summary minutes, staff studies,
recommendations classification, automated recommendations
tracking, computer support, EXCOM meetings, etc.)

RELATED NAR STAFF ACTIVITIES4  $5,990

TOTAL (meeting) $94,379

1 ilsad on GS14, Step 5 average salary plus 26 percent fringe benefits. Average meeting duration: 6 working days.

21ncludes all meeting preparation activities, post-meeting report preparation, preparation of NARAC materials, EXCOM materials,

and Adinnatrator briefing, and FAA member/participant reviews.
3 58,000/yr x 1.26 (Fringe Benefits)/250 dys per yr - $280/dy.
4 Avera all other NAR-related activities Including travel to and participation by NAR staff In meetings and conferences held by

Interest groupe Involved In the NAR; preparation of briefings and papers for such events.
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".



02 rr. .@

5oU 12

-a-

C4C

wI 0) 4s Co t

I.L 'a C-
o' C

LI ~ c C o ~ ~

0CV T 0 .
0c (co CV

a.. q.*

0~0

co).y C4 wO L U

.. .

-U LL. 9.Lu L

c-io

-. -., -L



i~ ''4.C'&L'~'~ -. 72-27TV-1-0J.- i- -. mer-. -7

FIGURE C-2.
BENEFITS OF REDUCED VFR

SEPARATION STANDARDS IN ARSA
(BASED ON AVERAGE ARSA:

1983 DOLLARS)1

Annual Total Number
Delay Annual of ARSA

Reduction Cost Locations
Year (hrs.) Avoidance (arpts.)

1984 312 28,062 2

1985 4,914 441,990 30
1986 12,899 1,160,158 75
1987 25,102 2,257,668 139
1988 26,357 2,370,552 139

1989 27,675 2,489,079 139
1990 29,059 2,613,533 139
1991 30,512 2,744,210 139

1992 32,037 2,881,420 139

1 Based on the following formuls:

60 ape/dy X 3 dys/wk X 52 wks/yr - 9360 op./yr/ARSA
9360 op./yr x 1/60 hrs/op. - 16 hra/yr/ARSA
156 hi'/yr X 89.94 vr-op"h(GA) - $14,031 /yr/ARSA

(Operlioe assumed to Increee by five percent per year)
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FIGURE C-5.
OPERATIONAL CONFIRMATION,

TRAINING AND EDUCATION
PROGRAMS COST

PROGRAM TOTAL (1983 DOLLARS)

OPERATIONAL CONFIRMATION

(Study design, survey data collection, evaluation support; 1984) $500,000

TRAINING & EDUCATION

$20,000 PER ARSA SITE
(Based on APO study)

0 2(in 1984) x $20,000: $40,000

* 28 (in 1985) x $20,000: $560,000

* 45 (in 1986) x $20,000: $900,000

0 64 (in 1987) x $20,000: $1,280,000

TOTAL $3,280,000
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APPENDIX D

ARTCC RESECTORIZATION

BENEFITS AND COSTS



FIGURE D-1.
LABOR AND EQUIPMENT COST

AVOIDANCE FROM RESECTORIZATION
(1983 DOLLARS)1

Labor Cost Equip. Cost
Year Avoidance Avoidance Annual Total

1983 $13,820,375 2 $ 5,136,750 $18,957,375

1984 55,282,500 15,410,2503 70,692,750

1985 55,282,500 0 55,282,500

1986 55,282,500 0 55,282,500
1987 55,282,500 0 55,282,500

1988 55,282,500 0 55,282,500

1989 55,282,500 0 55,282,500

1990 55,282,500 0 55,282,500

1Bosed on the following formula.

Mnpower
(avg. 11.7 controllers/sactor* 0 35,0001
11.7 x 635,00 x 135 sectors - $55,262,500.

Equipment
[1 PYD/sectorg Si $52,000/sectorj
$152,200/sector x 135 sectors - $20,547,00

2 Twenty-five percent of maximum annual labor and equipment cost avoidance realized In first year.

3 Remninng seventy-five percent of equipment cost avoidance realized in~ second year. Amortization over a longer period not war-
*rented because ofporscoieinneed to replace PVDs in near term rather then over an extended period.
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FIGURE D-2. "71

COSTS OF IMPLEMENTING ARTCC RESECTORIZATION PROGRAM *.
(1983 DOLLARS)'

Program Development, sector re-design,
briefings, reviews: 1103 mandays

1103 mn-dy x 193.252 /mn-dy = $213,155

Implementation (Indianapolis Center Consolidation

Staff Study estimate)

46,000 to 66,000 mn-dy x $193.2 = $8,889,500 - $12,754,500

Travel3 /$70,000 x 1.055 (CPI increment)) = $73,850

Equipment

9 Video Maps ($500/ARTCC) = $20,000

0 Sector relocation/reallocation
($8,000/Sector; 135 Sectors Total)

1982: 34 Sectors (at year end) 0
x $8,000/Sector - $272,000

1983: 101 Sectors (at year end)
x $8,000/Sector - $808,000

Total Costs (Undiscounted) $10,276,606 to $14,141,505

1AAT-300 memorandum summarizing headquarters and field studies estimating Resectorization Program costs, May.
1982.

2Based on 1982 average $183.18 per specialist per day multiplied by CPI average increase of 5.5 percent.

3Travel funds provided by NAR budget.
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APPENDIX E

RNAV INTEGRATION: RANDOM ROUTES

BENEFITS AND COSTS
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FIGURE E-1.
ESTIMATES OF AIRCRAFT EQUIPPAGE LEVELS (RNAV AVIONICS)

AND RNAV OPERATION RATES, 1983-2000

Air Carrler General Aviation

Busines Aircraft Other GA

YW % % % % % %
Equipped Use Equipped Use Equipped Use

(RNAV) (RNAV) (RNAV)

1983 12 8 6 1 6 1

1984 25 13 7 2 7 2

1985 40 25 9 4 9 4

1986 60 45 11 5 11 5

1987 76 60 13 6 13 6

1988 85 68 15 8 15 8

m198 92 75 21/21+ 15/17 21/21+ 15/17

1990 95 80 23/24 16/18 23/24 16/18

1991 97 82 24/26 17/20 24/26 17/20

1992 99 84 26/29 18/22 26/29 18/22

1993 100 87 28/32 19/24 28/32 19/24

1994 100 89 32/38 27/32 32/38 27/32

1996 100 90 34/42 29/35 34/42 29/35

1996 100 92 36/47 31/38 36/47 31/38

1997 100 93 38/53 33/44 38/53 33/44

1998 100 94 42/60 36/50 42/60 38/50

1999 100 95 46/67 40/57 46/67 40/57

2000 100 95 51/75 44/65 51/75 44/65

E-1
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FIGURE E-2.
ESTIMATED RANDOM ROUTES FUEL
CONSUMPTION SAVINGS 1983-2000

(1983 DOLLARS)'

Discounted
Cost Savings Discount Value

Year (millions) Factor (millions)

1983 17.77 1.00 17.77

1984 30.21 .91 27.49

1985 59.39 .83 49.29

1986 107.02 .75 80.23

1987 145.16 .68 98.71

1988 169.80 .62 105.28

1989 196.81/198.24 .56 110.21/111.01

1990 214.44/215.92 .51 109.36/110.12

1991 227.12/229.47 .47 106.75/107.85

1992 240.19/143.45 .42 100.88/102.25

1993 256.65/260.93 .39 100.09/101.76

1994 278.79/283.24 .35 97.58/99.13 0

1995 294.77/300.33 .32 94.33/96.11

1996 314.67/321.41 .29 91.25/93.21
1997 332.50/343.52 .26 86.45/89.32

1998 352.19/366.82 .24 84.53/88.04

1999 374.18/392.59 .22 82.32/86.37

2000 393.63/417.27 .20 78.73/83.45
1521.25/1547.39

1 Dollar cost uavings were deriwd using the following formula In sach yar:

Esllnsd galons used by A/C x ntimated RNAV utilization rate (ns Figure E1) x 2.5 percent x $1.00/gal. - A/C fuel svings

Estimated gllons used by GA x mted n RNAV utilization rate (se Figure E-1) x 2.5 percent x $2.05/9i. - GA fuel auings

A/C ueilngi + GA mings - Total annual fuel saings
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FIGURE E-3.
RANDOM ROUTES RNAV PROGRAM

DEVELOPMENT COSTS
(1983 DOLLARS)

NAR Meeting: $94,379

HQ & Regional Staff:

Program Development and Review (HQ1)
(230 mn.-dys @ $225/dy) =$51,750

(1/2' 1983; 1/2 1984)

Program Reviews and Briefings (Regions)

(30 mn.-dys $225/dy) =$6,750

(1/2' 1983; 1/2 1984)

Subtotal Program Development $152,879
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FIGURE E4.

CONTROLLER RNAV TRAINING COSTS

" New Controller Training:

- [additional 5 hrs. at Okla. City Training Center per
controller trainee ($16.25/hr)2; FAA trainer
($28.25/hr)3

- 5 hrs. x $10.43/hr x 500 controllers/yr - $26,075

- 5 hrs. x $28.25/hr x 25 trng clamss/yr = $3,531

$29,606/yr.
(each year of program)

SUBTOTAL

* Re-training for RNAV

- 45% of controllers each require 3 hrs. training

- total trainer time- =Imn.-yr ___

0 5000 controllers x 3 x 23.02/' hr. =$345,30

0 1 FAA mn-yri $117,000

SUBTOTAL $462,300 (1984 only)

tHour estimates baoed on Headquarters ATC personnel judgment.

2GS 7 entr level plus 26 percent fring, benefits.

3GS 14 average plus 28 percent fringe benefits.

4*38OO per year average controller salary plus 26 percent fringe benefits. '
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FIGURE E-6.
SUMMARY OF COSTS FOR RANDOM ROUTES ASPECT OF RNAV INTEGRATION

DISCOUNTED 1983 DOLLARS)

Program Controller Additional Total Discounted
Year Dev. Training Avionics (000) Discount Value

(000) (000)
1983 123,629 18,941 19,065 1.00 19,065

1984 29,250 491,906 43,554 44,075 .91 40,108

1985 29,606 63,383 63,413 .83 52,633

1986 29,606 71,774 71,804 .75 53,853

1987 29,606 66,996 67,026 .68 45,578

1988 29,606 59,540 58,638 .62 36,356

1989 29,606 58,349/65,817 58,379/65,847 .56 32,692/36,874

1990 29,606 50,926/67,594 50,956/67,624 .51 25,988/34,488

1991 29,606 50,153/67,594 50,173/67,784 .47 23,581/31,858 4=60

1992 29,606 58,650/79,400 58,680/79,430 .42 24,646/33,361

1993 29,606 68,167/84,650 68,207/84,680 .39 26,601/33,025

1994 29,606 67,193/94,819 67,223/94,849 .35 23,508/33,197

1995 29,606 70,038/109,101 70,068/109,131 .32 22,422/34,922

1996 29,606 72,288/134,888 72,318/134,918 .29 20,927/39,126

1997 29,606 74,538/139,032 74,568/139,062 .26 19,388/36,156

1998 29,606 91,519/158,044 91,549/158,074 .24 21,972/37,938

1999 29,606 102,069/163,413 102,099/163,443 .22 22,462/35,957

2000 29,606 114,476/188,332 114,506/188,362 .20 22,901/37,672

Totals 538,222/675,689
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